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ixiReseo.rch's develc.pr_nt +_,f ;'ro'ect r+ercur;,. "_emini, and Apqllo environ-
mer,tal control systen,s,adv3nced life supporz system studies, etc..,has
c_s+_d A'Res_arc.k.to take a vitaJ interest in life support functions in
spacefIigL,t,and has naturall7 |++dto'a deeper study of aerospace medical
Jnst rumentation.
._lo.)dpressure studies were initiated at AiResearch in 1958 to suppOrt
+- the then current studies .,f the Project Nercur'_' environmenta _. controi system
studies a.F,dhardware development. Initially. the effort was concerned ..,ith
ootaining correlatlons which would allow interpretation of con,ertional
_+ +, spnygmograms; The .primary requirement fur the study v:asthat the blood pre;-
:-sure indlcies must be exceedingly close to those ,_asured with the stetho-
+. : scope Altkough other it_diciesray be useful_ the'!cannot be interpreted
,..ithinthe fra,nev'.Jrkof more than 50 years of data taken oy ph;,siciansall
eve" the world. As a result of tr,ese studies; a compact, porta,le electronic
S
blood pre.ssure-s-'istemwas deve!opvd v_hich+unambiguously presepted the con-
- ventionat systolic and diastolic indicies in a clear, graphical aisplay.
_.: _/ithone exceptlGn; the electronic oloodlpressure sy._tem.+differso_Iy --
slightly lln'principle fro+mthe _tandard clinical (ausculatory) instrumentation.
: Both emp-loy an occluding cuff pressdrizatlon source, a bleed rate device, an
:" -occ[uding cuff, a'nd a cuff- pressure transducer, presSure gauge, cr mercUry .
_-f_._ manom___t:er._'._he+one excep_ion--is that the.Stethoscope -(auscuiatorv method_
_>/+: IS-replaced by .a microphone.., the-output of wlilch is conditLoned by an el.ec-
-jy'+ . : . 'tronl-¢ ampl_Ifler and selective-f'iIter..:_Theresultlng outPut on a scrip- _-
......_- -+ " char+t-.recorderis a p_ot O'f c.uf-Fpressure vs tlme, (Jep_ctingthe sele_-_ed_I-_....
•',_+.... - -, ,_ --bl_eed-down_wlth SUl_rimposed pulses from the Korotkoff sound detection ,than-
•: :?"_ ,+ :_-+_e_._-'+The .f_i_st _oU!s_ dur"i-ng _ leech-down.-denotesl the systo I i-c pressure,, whi _e _--
"" thei_s-t>puised_eno_te's[-the d'ila_-toi_c-pressuPe; _/A mere thoroUgh discussion _ '_-+:
J.,
.... _ : ..Of the ele_etron_c bi, ood" pressure:sysLetn |s._'pre-se_t'ed in-Appendi'x A, !'_,il_esear_ch
, , L.:...._ ,,.'p!ood p(essvare-l_eaa+urement'-'System,T,_eoryo)fOpera.tion_"FC'_oTb-R,,'-Rev.,.I_C _.,+
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SECTIOh 2
PROJECT HERCU_'. CCOI_TRAC:..qAS 5-59!
_E_!ERAL
Effort on the sl;L,sequent develop,nent contract for a iJ]ood pressure
measuri,lg skste:;_f"PP,S) for Project ttercor: _,as primarily aimed at improving
the perfon,_ance .f thc pulse ch,_nneI_ adding req_,ired pneu-_atlc c_cli._g.,and
repackaging for cc.mpatlbIl:ity witF _pace c_p_u!PlnstaIlatlor_. In._,talIation
, problems encountered at various _.tages through the Proiect Mercury progra,,
I t
.: caused a mu.tlp,__ number of systor.lsto _e d_.velo[..dwith varying deglees of
sophisticatiun. P(_eurn.atlc?cling ranged ._ron,completely manual to semi-
auto,natlcj to complete|/ auto-.latlc.
The semiautomatic systems were completely qua Iified, and successful Iy
comple1:ed mu|tiple orbital missions. The fo|1o_ving areas left: roonl for
l_pro_e_ent rot c_)se,,_uent contracts )nd projec'_s:
I. Packag Ing
2. Pressur _. transducer performance
_. Galn control adjustment
Packaging of the semiabtomatic sy_._em suffered from prosr_m timing, etc.,
to tl_e extent that AIResearch and the custo_er had to agree to spread com-
ponents th_roughout the spice-capsule. _/eig_,tand slze i-_provements were
obviously avaiia_,e if the function of the system cu_,c be redeflne-d_ If more
_-_4;_te_--d_--tne-artcomponents were substituted: and if more advanced electronic
. packaging were employed.
Though probably the bes_ press,_re transducer was e_oloyeci for the appli-
cation at hand__ its pe,,,'formanceIef_ much to be desired. Redefi_nltion of
i : - .... the requlf:ed out-put a_l employment of subse0uent developments _ould: much _ :-
roy this cture _ : "- :
,:" . Tl_e_gaJnocOn_ro| functions properly_ Lot left _o_thing tO-be desired
• _:_ ....._vi_en considering a new or untrained operator.- If- it was lr_advertently set. _ :
.... incorrectl:l, Correct data _ould";be masked, i_y spurious noise or misstng-pu_es._
P .._f:: _, ., . 1.)i_ ---" . .:, ., . : :., , _ .-
;_.: ,.,. ,-. A_S_H M_NUFAr_U_ _.V-'_,_-" -: ::. .., - , -Page -
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'L REPORTS A':D DATA SUPHARIZED
Fur the reader's co,'venlence., listed on succeeding pages are reports pre-
pared on this reiated previously co_,pieted :ontrac_. The reports are groupe d
by subject.
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F_,'_fll.,.-_V,R, Post"'i,nstal,lat ion C_,eckout Proced'ures t October" 26, !962_ "
i '" ' " !"food Pressure Measurin 9 Systems 52_7'G9,,,., ,_,
• , ,, ,,
,. _and 547'_b, Proiec q _,ercdry .....
" _u_l|if'icatl_n and Fllqh_.-_or_hlness ",'es_in_l' :, '"' '_' "'"
A" ." FCL 30--:4R FI l.ght orthlness .T'est i_'rocedure, S,e'pteN_er 26, 1961 _
" luod,,,_resSut, e Measur I nq Sys,tem 547_ I _' ' '"
I: ' 't'_ " Project P,ei_cu _', , "
:! " 'FC',-411I-MR '; Qual ificatlon ,.TestProcedure_ Seml .... Februa_-y 2',' 1962 "," ' ' ' " ,h ' ' ' ' "' " " " "' ' ''
,,, Au__omat|c 31ood'Pressure Heasurlng . .' ,. . .' ,,'.i ' ," " " , _, -- ' - _ _ ' ,' _ii u, , ,, '-, ,, , ,._ ,, . . • '_._. , ,_ . . .,, ,. .,.... ,.-
II C_'-"" ,,,, " . "_\ ' Systems 54769'an,d, 5477_ '-Pr,,_.-_,t. ,, ,.,, .., ., o. ,,
" ' ' FC-_I43_R '_\ " Failure Rez)or't No,.t of. BloodP. ressure March B, 1962- .' "°
• _, ) _',, - , ', -, _\ ' _ ,, ,. . ,.- , ,\, ,. _ ,' .,, ,
' ' ", ". ., , ,. A ' _.easurlngSystem 5_.778 ..... . . _. ..... " _ _:-... -_.
"," "' " il FC-4117-_,R_ Rbv.l"_':Oualifl_.atlon"_'est Procedure_ Semi- ,, l.l_l'ch 9, 1962 _,. ', ..J."-
:I ",i!. ' " . .. ,\ :. ' . - , "". ,_ " _' 4!" --'
1 ": , ' ' " , -' },_Automatl,¢ '::food Pr.._ssure ffeasurlng ' " ", .... , °.,,;. ,, -
_,'_'_'..' ' '" '" _&"_,_yst,ems"54769 and 54778_ Proiect- ,' ,,,,. , ' -,, ,, " ,...-"" ,.I., ,,.-_.____ , . .... \x.\\ , ,,.,,, ,,- ...... . ,, ., ,.
; " ,. ,_ u, " % " " '" " "_' " ' ' " r _" _ " - .... ' ' ' " _ _ -'
''- "" , FC-4'I67-MR Fal ti_ze Report.. Ho, 2, d;;lood Pressure " May _9£ 1962_. !_,,_, ....
,. ,,, ",- ,.','.,: .,".,. Me_-surl*9S_i_e_,..,_7_S,Pro'Jeer-.-14er,.cur._. -_, ,, ., - ..-, _ r:..,,
U .":,, "' ..... . , .." , '..\,'"_' '__< b:.'-'o" ,:"" _;"_"'-."-'" .",'_-,_"'"'""" .,--_,
,, FC-4184-MR, _ F_Tlure,-Re_or_: No. 3, 3.|oocI'.I _e._ure .. , May 29,' 1962 " _1 .... . .<---___o
._ ...... , ,, ,.,,. .--.,. ,. , \\ , _,,, _ .
_,-, , % - ' ':,' Meas_'ing.,S.'fsX_m"54178,-Pr_Ject_Hercory :- y,-? _',,", II'",,'" "
_ ' o " - ,, .. , \x , ' , ,.. ._ ." s ._ OlI ,', "
_, . _...... o....... - ......_ b_.......... ....... . /I ....
,' ., . - . _'// ,,_. . " " '..!i .".;_.:.... " ,-._1'.,, . '.,- ",, - .... '.....//. : ..,_ ._' . .
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' I
,,,,/,
Sin6e'the reductigr i_, size o"_-;-_,iqPt required t:'e,u$_,Of many miniature
co_po_n,-nts, st,._e-'of ;-,r..ich _;ere un_.i,rove,:..,, ,_n extens ire, _ilonent evaluat, lon
pTo_ram :_._ Cc-,iducted. T_ a_old destr_:ctlo-: or r_:_i-.,of we:d, ed ,,_odu|es.
variou_ t_'s t " igs were eiesigned and e:-'p'._-..ed te,'_,1;I co_,ponen_ ¢ in _l'e f;-a _
circuit co_igura_,ion prior to weldi;:g. , ,, "':
The pro_:a_,_ for oeve!opr_¢nt of _anua;..i£'(lalucs _as expanded bc'1-ond ,*hat
c , . ' .
,- _ r_qulr*.d for/=he 'systems ori_i,_al t'' o_,tPed. 'The 'expans.lon in' the proaram. :
'. des_:ri_ed .i_ Appendix D, "_eve_oF_en_ a._d -,'.,.-st' Progra._., Cua'-l-_urpo_e Hanual
]nf!ator 53Ei_t-2-1,'-" F£-_=72. ,3at_=d ¢,/'b,;ce._._r 16. 1_63, was due to the fol-
• k',_.ing ,'IASA- req_ests_-,
,, I. Change the '_',neu_atic_O_nnec_.9,r ,from the Hercury-type probe to-that
"' ,_ <. : co_ati_ie"_-_i-=th tne ,=em,li.pl-_l/'p_.,.connec_or deve.Jope'd-later in the , ,
-_ v," '' "-': ':' i,,, "i',.,.._b', "- :
\, : V, : , , : o ,; c
2. Provide functions requ.i_rtd '_o_ater tank pu:ap,n 9 _n addition to ''
_. , - __ . " b'io_d 1)r-_ssur e fiinct io_s_ ',',?-,-",.' .... " - . , "_ '"
' : e,d in" the dual-put
. 'Addit-id.lgl _dit_cal:icn _as in_l'ud i_se manual infl_to_r ,,_':
-;- --.- t_\__epiacz"the fixed-.b-leed"uriflce;"v(',_;iS -additio.n al lowed tigi_l:en'ing' "of 'the '._ : <.
- :- - " : _ , ,, - ,%_\ ' "= . ...... _?'. < ',,
<-_ ,,tolerance op bleed-do_.m time-and ma_e\provision for revision of th>._,de;$rred ,-, 't,,,,
- b'leed-down tl_e ,if requlred<at a ,.later\',_ate. - ' ,. <' U' .:'.7: : - :' ,,_-
! - - k' - - :, ' - '
'- " - ,.Is tl_ program I_roor'essed. it _as _'_tted tH'at"the "epoxy" pott'ing' m_;<'"terl'-'-al " -°
_'-< us_d'_lllr i-ng" th_ final stages of- s i gna-I coridl t l._nsr manufacture cfia_9ecV"the> . ':
+:-- , :' - '-'t_pe!'at_,re o0_ffic_e_t_ of t_eTi_'ressure<_i.yraris'ducer. -, To. avoid, th'i_ change_" and .._ .:. '" "_-.< :+
-_ _;_.conseil_ent-_psettii%tt-of_-the'_t_t.pera'ture./omp _,"atlon;La pre q#ct_i_ ific_; .....
"-;".... '- '-tion wasa_ded_to_t.he pressure transduce, E_. idetitlfi<e_ d, by P-/N._ITI859-Oi_I_ ._._ .... .'-
. ,_ -- . • :" - ." _ - - ' 'P,' ._- '" " - :' "_, ' ,'c.- _.:_ - • _ ..
_. • °-_-:--I_EPOItTS-/_tIDD_-A SUH_IARZZEI)-, - - ° < - "-% " -__ -_<.," ' _.,. _ " - "
-- _" _- --F_r" the: reade,P's-c_nvenience, I isted on° T;_¢cee_l_g_o,age,s are reports'<_\ -,. ":.,.. +--
_, < . _ - , " !/_, _/__ - ,,. ,..... , ...- ,. ,_. ,,
, --;-" 7..:--_+pr_eli_i_ea o'n "i'ii{s "re_a'i_(i"p,.r]eviousi_v "complet<_t:_:lnl_act [_,Tge ' I'eFof't'_-a¢ X_-"'- -" "-":L_ : _<
< ,: _ _.g_i_oupedby_liill_]ect!l. _ -. _,_. : .... % : " .... " ' . -.. '"\\" : t_,,Z.... .'
",.,-..-:<;',. ........,<-' 2,, . - , , ,- :.,.... "-- , -\\,. o" ..... <
-- -_<_.'-- -'_e_i._n'Dat.a .... _- ".-< -: -, ,. ,> _ - -<,.. ..- . - , . ........ - -.,_- ,
,__-_--.. _. , . , , .. .: ....... , . <, <> .. _ _, . t.. .... _. - -
_J'_ . : .. "<+-F_)4_25;II'PcT-".- ;_'. Part[_._121[_'Ei'.Srea_oard_'Of.._].,_.d._ <.'(<.<'. < April :2_,.;1963 .... ._:._.:_._.. -'
.. _.,. _, .,, W_:o_ _ _. : ,.-,,,.___..'; ._- .., __ ,.,,%_.:.... ., %. _ : • , .,,._ o,_ _:;t! ,"-<' -"
_._--": <<" o oo .... ° " <'<". <<'<.V-_-eisure-_easOr1_9,-._¥stem__-_4_oT,. "- - ," < " .-t . ' c.o.• , 7e<...... "
i' " %'\ - - " -'o< _ "_ " _ _<_" "' ; c; " ." - ,"¢ • _ -' " oe '<_ ' _,,. • W'b('.': -,. ,. i-:. '
,. _,_ ,,,_-_:_- ¢ _ ._-_.. <, - , _. _ -, _,,_ _ _<..- .:. _ . _ , . _, .,, -. ,_,_,_- . -c_ _j ,.. ., -;, ;: --:
..... :%_ <<. .<:.,' <, ,.., ,. ,. o . . ,.. ...... <. -. ,.
'. < . -"_< _. _..-. < ,,, .,,. , _,. '...-e.<- b"- ,.,,_,_o :_ht,3_,_-°' . - FC_-,_550.- .o o_ , _..o
• <.<' , - ,',' _x" _,-_. I - ,_ , ,_,_ o ' '" _ . _ ,+ /) 0 . _ :" _' ? _. '; • ,_ ,, . _r _ _. -, '
,° - ' . _ -._o_0o , -'.... "..t]1o<c,'- ,- _ .'_ " "*'%;C-<L '_:'',.< <.",_.. _o._ - ,. " :. '> " _',,."$- ._ "<.,o," < o " _ " "
. :_ .....• . _ ., , .: ?__%- .... , _ , - j.' -_----.___:: , - . ;:.. _o > . .. o.._,-+.. _,, o o _. < . ;_ _':
1965020181-013
:,(.
FC-4327_.1_ ' " Operat ing I_stl dct ions for ..read- Alsr i I 2_.. 19_3
' ,,oal_ Or ..iood Presf/_.re l'ea_urinjP_
""- " $_,stem 5_o03 t i roj._ct :[-e--.in;
Appe,_d tx C _'¢st i_i o1" ;-;i c rop.,one 53c_29;a P.aJ 21. I _3
FC-4 327-NR
.-C-4327-P_,j Rev.J Oper_iting Instructions for 2rea_i_ _ia7 21,' 1963
_ aoard of :'lood Pressure Heas,..,rll; 9
.,, _. S_stem '54_03: ;'r _,_c;,,,..L-e_;lnl, : / '
_.... .: .... \ ;
' "';" FC-4366-PJI_ SI;ecif'.'cati_n Review..._o d Pressure Jul;. 2g;_ '}.9_,3/Measuring S-/stem 5t,803, i_',',O|e¢_.
";. _' Fl_-436_-t_ - Parts ki._t,:Prot'/pe of Iood P._es- July 2_i. 19C3
"° aj:ect" : sure :_easuring System 54_0_:_ Pr :
._. _, _cC-4_5_-HR . Operating ,Instructions, Prototype _ JulY/ 2_, J963
-:_,"._,..,_¢_,,,_,,' '- _' , . _..... _' " :' _ '/' .... Olood, Pre'ss_re Heasul:i.ng System = "
' '" '_ ..54803, Project '.:;em._n,i " "
_'"_§-_"*_'i '::',. FC-4403", . _' ,,_ ,. Tr._nsdu_c-dr"-Evaiuat'lorz Report_ 501 |d- -' Oc'tOber o '",_,963
"'!_ _;'t', ¢,, ',t ,: .,St.t e,, Se_, i c_ducto r stea in-_auge,-
:_._ '_ ,.;'. -'-" iPro'ject _emin; .:_t_£ ......
.-_,_,_ ,, . \ _. ,c-' " _ - ,,
._._'_'_t'.,.,_c' " .. ' Appendix _. k'x ' _ Appe_dlx A/-'_l'ranSduce¢ Ev'aluat'lo___. r.'ecember" 27, ilt_6,'
;,S:_i_ " J-_ F'C-4405-NR "' " _;;'_"P _"e "-''_ :" -"':' _, :'. "_ ., R_port_ _'dei_dor _ _ r.Oj G,c _-_minl '- '' ,'
'__ - , ',.._'-lood ea in,_] yst¢
'_ _ -" '": ""•'_ eC-_665-Nll '" S_eclf]cat'lon Revl_w '-' ._lood _P'i;_ss_re,_ Hcivem.Ser 20. I_£
•_'it°. _..... _, _, o _ '0,, - _.,\ " • '-'.{ _" Heasul_Ing - System,. 5_180_- _roJect ,:::': :' ,, . . ,
;, - ' , .r ": " .,.. _ _ o _, "" _, _, , ,,. ' , .<" "- _ _ " . o'/ _
_/:'r' • _. ",_ "', ° _" ' " _ : _ _- " / ' - ', _ "X' """ " -- -_'(' ' ' .
:_, -_ ." - FC-447_ "'_ Develo_l_ent_and Test'Fro_ram, ", . " Decer,a_r 16, 196:
_.;_--..- , -. : _ '- _ .gua$-Purl_se. Hilnua|. Znf.|ator _..,, " ,/'_ .!_ ....
:'_'- _' ' t" '":' _ "":'_'_ " """- " - " ...... : " " - -_' _X ;_,, ,, _ :
o,:. .... :.. .... . • . - ,%
1965020181-014
P__ro_re s-_ Repor_ i _l
FC--31a-,:R _rogress £=p{,rt -"o.I. |ood ':-ess_re P_3rcr. 21. 1955
- FL:-_320-. R .;)rogre;; P.eDort. ..}. 2. J laoct '_-essure :,pr i I 5. 17_o_-_
Neasu_in_ C-_s:em- "r4;ect .emini
FC-A33Z-HP. Progress Report '1.:.3, . food ._ress_lre _la'. 2, 1_6_ . \_
:'4easuring S/ste_,.. Project :'eminl
.': FC-4344--;'_ Progress Report ",o.',, . food Pressure flay 29, 1963
=-easurim:i -C:;ster. FroTer.t "emini
.
FC-4300-4_.i I. _racjress Report ",.-.:5. 'lood ;'ressure July 9_ 17_3
; -" _.easuri_. 3 ._:,stem: ;'rolect .'-e._i6i
"_ FC-4390-_UR Progres_ F.eport ._lo.t_,. "!ood )ressure 5epte_lber 20". 1963
_easuring :.vstem. . "_o;ect._, _-emini
_1
93-9-,_.P-95 Final C()ntract Report. 31ood'Pressur_ September 26. ,19(_i
:• i-;e3sucin-:t,_C3,stem 5a803_. P.roj'_ct3
,)
.... ',:emtnl, Contract N/'c'_9-11B9
'-' v
I• ''X
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1965020181-015
SEC .'I0:./+
"' PRO..EC" :.EI-;I'II- PRO. 'F'.'lOq' .0=',+1 C:" PIAS 9-2887'
.:E"ERAL
The production contrac't For the ,e_inl :,PH$ is,i_, e__sence, a co,+ti_uat.;on
uf the dev.-lupm_nt program encuuncered in t_e proc':.pe contract. "z_ new pot.,
tin 9 materi31 was substituted in an :effort to ease temperature conpensation
,, problems and to avoid the -rittleness of the previously emp|oyed materials.
i A ca|i_r-3tion circuit was :levRl_ped and i+_corporated in all procuction slci-
hal conditil, ne_T_. A qualification test program _as conducted and success-
.i fully passed." T?_e _nanual ihflator wa_ rr_._iFied to ,orovide additional struc-
tur3l strength.
A program was conducted to eliminate _hE stage of manufacture employed
in the prototxpe contract where _ igs were"employed, to test ail components
In/the final circuit configuration prior to _:elding. As a result:, specific
sei_ected components are l_ft out duri, n9 a first-stage welding.- Witi- the use
-, of"SPeCial welded_clrcuit holdi'n9 j lg and test _nel_ t._e Sei.=cted._components
a're chosen ,and tested In t._'{nearl,/ completed welded circuit. Special p,repa-
',, ration of the mylars a,liows insert.i+i::nof _t':_e'selected cOmponerts during a
d
'': secon ,welding .stage.... ' -_+"-' " _'"
,, -' A technique has been reduced to pract;ce for temperature_compensating
_Ignal condit'loners _ay taking advanta_ of the ba'se-to-'emitt+ervoltage tem-.,
perature coefficient by varying the'current ,In the twO-'legs of the differen-
0 u tr:, Q
tlal _mpllfier. _.-_h,]s,,reporte-+_leitem ,,isdescr'It+ed in -ocket ?.-2617; It has
,, not yet been esta,_llshed- |-fthis item Cons+t'itutes an invet_tion,. ,, ,_ I+
'DELIVERIES (SUI4HARIZED) ,_, :'" + '._t,_
o ' '_ -
.. L'lsted" 5elow i,s all the har,dware dei'ivered to the government as a part
+ of co _ HA59-2887: '" ', nt r.act_, '-',, _' " ,-, ,' "
U _ _, , . o
_" ,, ,; ...... Descr on
_''+' 4'],." ':::+'i'i'!$-5_,4803-2(un_uaIIfled_ ._+i.... ../+_
+" "!I '"" 2 3PMS, 5/+aO._.-2(fc)r quafilled testing) / '-'
,, ,t'$"',, " " _803;2 (,_ual.lfi,e ,," +,_.,,..._
• "P +' 2'I Tota I,, ,..,, ,,+ , , ,
+. .,. +., ., .... -_ _. :,
'_""_950
'+ . • AIR H IaANUFAGTUNO'01vISION," _',, ,. ,,.,_+'",," .+" Page ' , ,,.,:'
• 0 ', ,, +_ _ " ,, u + + .+ v, _'++, " ' + '- " + (I +' + .
" "_' " " " ' " " + + ' u +'++ !P -_ ' . t.; " +,, :+_
'" +-+- + u. J+ -'__J. _z + " _ + _I+, .... I. , + L..... + .... "3 +'t+ H + _ __ _P" ' '_, ' ' ++\i
_+ +'1_ .... "--_+ _ ...... + + +--+'r I+ + + +1 + -- &+ +-- + '_ ;'+....+:._• , ,- + +++ .... , _. ".:,, ",., v.. ' :++ +" '. +,.L. u ''+ ..
] 965020] 81-016
';OTE: Per t,:e terms of tr, e contract. '.A.cA supplied :_iRps_arc _, w;th t_,e first
I0 pressure trans,_dcers. EaO, r'-'S 54_,33 'consists of the following:'
' I signol c_naiJ:ioner. 53._1_5-1-2
7
I microphone, 53di,6-2-i ....
1 ,:anual inflator. 5$_15_.-2-1
i t
RE,'ORTS _.llO DA'A (S.-r!hARIZE_ _ '.
,\
";'he f_||owfng reports were prepared as a part o._ this contra._,t 'and are
grouped by suoject:
.Des i q_, 7_Le- ' '
:' 'J Power k_.,Julrements' ata,'.iood Ju!v 2z,. 1964 "': " q3-9HRS_ ,.'
Pres_u're ..'_easuri_g S';s_em 54805_ ,'
Projsct ?e..nl n i
Accetance Test I g ., .
FC-4522 " =' Acceptance lest Procedure, " lood . , September ,15_ lq_
. ,_'ressur_, _-"-ea_u_";"*g S, s tef,_P ';:
'-" , 54a03 Serainl _ ....
"FC-4522 t Rev, 1 Accept_ance Test Proce¢Ore, " lood. Octouer !2, 19o4
Pressure ;-'.easuring _7ste_,_ p.'t'i j _- :
-_' 54a63 _'emlni' ' :" ' " " "'
,) ,, n
Oual iflcat Ion Test inQ % ,,
. . _ _ ,-- : ,j it
FC-452'4 ,, Oua] Iflcat|on Test' Proced.ure 'Septembet- 30/ 19_
• For,, groJect t;em,lnl _,1ood,,'Pressure .....
0 , 1
" '-' _ ; "System.,:_,L_esearch ,," _' '" .....
., 4 . ' Heasurlng .,
i:'' .... " Pl_ 5_8o3 "
" " ' FC-4524"; Rev.li Qualifica'tio.n Test Procedure,,for' , , .oCtobe'r 20. ,190_ /
I .... o " "j' " ' '
i ,, Project Gemlml Blood Pressure '" ::" _'
.... , ' , ._ -' ,, (: - , :,_ ' ./
" ,,. ,_ o 5_803 ",, " ,,. ,' "-_,
' "_ =' _' " " : ' '" 4'/ " '''_'
'_ " _ " ' " _" ' '" [" _ " q" " %9/ I_
,_ .... " _ 't d-_ _ ' ' II'4 ':,_ .... ,. ,,_ , ,.... " ",, - : " ', ' FC-45'50 ' 'v ' "
i[' ..... ' "I_'_---_/I ' , ' _,',._.,_ .... o '., _ ' _;. _.... , ,.,_" , \\ -
_I_,, !' ,, '_ ', " . ., _' , ,,"' ,_ i, • '" . ' ." '_ .- _ "' \\"
,,_. . _ ...... _ _ .,,_ , - _, :... , ,, ,,. ,,, ,,, ,,., ,, _-:, __,




93-9MR104 Failure Report rio. 1, 'lood Eecem_er 5_ 1964
Pressure Xeasuriqg S/stem 54805
: I
,Proje,ct _emini. :'ontract hA_9-2887 ,,'
9%-gHRIOb ' , Failure Report _;e. 2. L1.,ud Pressure BecemJer 22. 1964
Measuring S,.st_m S4EO_ Pro]ect
,.' _em ini,((.,.hi'ract I'IA59-2B81
93-9MRIIO , "_'ailure RepQ_rt No. 3. 31'ood January 12, 1965
" Pressure Heasurin_l S:/stem 54_03
,, / ,, ' Pro.jeer J,.;emipi,Contract hA$9-2887
FC-454,1 Qua,lificdtion TeSt Repor,t. _lood January 2_. 1965
Pressure !_easuring _7:,te_'54603
Pr_,ject Semini_C_ntract NA$9-288, _
, Pr.>g_ress RepF rt i n..q, ..
:'93-9HR85 ,, ,Pr_gress.Repc, rt No. I,'_lccd J'ul_L;20, 1964
" P.res_'ure Measurin_ System 54_03
_,, Project Gemini; C.ontract NAS9-2B8T
_4
.... _'" 05-9MR89 Progress ,_eport N_,,.2,Blc.cd August 4, 196_
l
Pl_essure Measuring Sis.te_, 54_103
,' Project ben_'inl,,Cn_ra'ct ;_AS9-2._87
........" ., 93-9MR92 ,, -.., Progress R_pdrt,,N_. _'_ !:Iood "' ,. _'August 18_ 1964
.,.. " Pressure _eas_r ing ,S/stem. 54803 .. ,,
,' ,, ,, ,/_ ,i ', \_
..(;. ' RrOjec'_.. Ce_ in_ cont _ac_t ,r;A_9"2887. .... ., '
u C., ,' ' ,,, _ 'u
93-9MR95 Prc,.gFe_,s ,'_xe..p0,rt _No. 4, _lood' September 1'4._ 1964
."- " Pressure Hea-st_,_,ing Syst_'m 54803 . "
' ° - '" ':' ..... Pl_ject,., Gemln|,\_,t,;ntract NAS9-2_,RT'
," ,, " 7'o:' 93 __F9 .b,t.,_ , Progress_,R_;I}ort No. 5_ BJood' ' _ Octobei* _' '196_
' " " ,,_M@a_rl g Syst 5_803 :"'"-,_.,, ... "' ,. - Pressure s .n em _, .,
' ". e ntract - ' ....
• ": ' .\k " # ': /'/_/ ' _ ' ' t, "_ "' " '""
. _, - , ., , ,_" :- -. - " ,,, I/,L. . ,, , .... ' • ., , ' , ,., , ,
' :;. ,.. :; ;; 2-7/,: ;;,:.: .:
,..... ,, _ ,, _ _\ I117°" .. ' ,, , . . - ,_ , • _.
':' '-.. % .. , Iff'_ _ .....YI'I, .. _. L(_/_.leI,_.s.C,i_.eeu_" ,, ' . , /.,"_ .., "_, _\ .... i.', " " "
. _ ........ _ ., .,,, , _ : , t_ .- o ,
". _-- I_ . (- ' " , . I;I ",._ _v _,, '" ' ' _ " ;' "- ' - - r," ....




93-9MR101 Progress R_,port No. G, Blood October 2_, 1904
-_ Pressure Heasurlng - _-tern 54B, 3
! Project :,emini, Lontract ;IAS9-2887
3
_' 93-9HRi02 Proqre'ss Reporf ___. 7, =1o6d ' November 9, 1964
Pressure Measuripg "."/stem' 54'805
Project ,,emini. Contract ;IAE9-2887
J _.i -,
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: SECTIO _ 5 ,
x
CO _CLU3IO"S A'L RECOI!ME'%/_TIO:S
:, For future sf.acefli,9._.tssuch as ProJectGeL:inI _nd Proilect .ApolIo and
?
even in. t!_e laboratorv: it aF, pear._ ti_at the Ge_'Ini-BPML ha_ J'
4 J
. ,-'e-_:_ dc_.e lo_._ed , "
, , ',
to a. :lear fool--croof operational s?ste,:, for the :nea_ure_ent of an_ _uLje.cr '_
-., Llood _" __cre3'esp, cl_II,, .,here a p_.r_lam=nt ,'ecoi'd is de._ired. Consio(iri .9
: tl:e pro:.:.:-;' I=., futcre applications, no additional ._'iniatbr.jzatlo:; or refine-
i: ment _pe_.-.rs pr_ctlcal.
i,lhcr: tL,e su[_j_ct'_ upper arm I_ no r. readily'available, _-4_ere repe.ated
measurements are required but'conti,_ob_ I_taIIation of the s:.sr.e._ is
, undesira_:le and repeat-'d r...:-i_stallal, ions a're' difficult, or wi,_re rcpeaDed
measurements are deslrable in a short period of t.,ii_: a logical 'extenr. i'on
of the Gemlni-BP,_S is recn,,-aiended_ Th::"Lasl'c l,no_,--ho: _ s.lgnal .characteris-
. h ,
tics, and operating prlnclples establi"_-,hed in the d_velopraent of tl,e Gemini-
" UP,"3 F.ave p_.t"AiR_search in ar,'dxcell'cn.t _osltion to dek,eloP an operat;onal
digit pleti-,_'smugraph(DP3). It is _uggested that co,rrOlation of th_ two,
s.lster_scould be'e;'cee_Ingly close. Al>o_ readout o.f the ['P3 could?e! a
, permaqent graphical recordin 9 tdentlc_l to the BPMS or ,_o_neo.th_r r.,l_F_ .,
desiraL, le OUtput such as a st-,bject-read 'meter. .., .II
, . ;! ., [
• ,q
/
q ,' i) u ; ,I
" '(i
" '.... : _f;'i/-'_ _.......
.i _, ,. , ,, , ,, )'
" i/ ' )' .....
) % (I u U' . ,, " ' ,,
" '_ ... , u • I" d," , .,.. ' ,, ,, _ ).' (,'
.- ,, :",_ ,.. .,;.,;_.... -,-.... ., ._,.' ,,.
.. ,, . ,, . . ',( , ", II,,I/"II%'i '
"C_"" ,., -,,.' ,-._ ,.... ,"' ,_. .':;. _...t.-.
H d.-' , " 'V. ' " "'''_ " ""_,', ,.-,) " t>" ' ,,.' ;' ".. '<-, d
"'. ";" """, ' " _-,,A '' ""
• , AIR___:ARCHMANIJFACTLIRIG_OIVI$10N ,., .. _. ,;':, ._.) ' " " Page, 5..;I / :-, ,
' ° :.... . '-' _1 '.U ";:."' . ,. " ,' . _ , . ,, . ,',,-,"-::'
t
.J_ .,. ,4 _ , ;. _: -"_'_ "" '_'--_ • "_-_" ,'. ' " ,.'i ............ r. ".x"_",._"_>_- ."
1965020181-029
j,. , tt ij,
• _,,. _ ,.i,
,,i
,i ,,,
- . "'-"APPENDIX A
,v
Bqq _ _
..,,, AIRESEARC!' _LOOD RESSCR_
, ,, , ,-,;), MXAS_JRME.NT'SvSTE_
"' T!EORY OF OPERATION ._!
, il t_' ," _ ", C'-407.6-R, Rev_ '1 DATEO"FEB, RIJAI_Y ZB, 19621
. .-' -: c. h ', ,, ! ,,
_-L_ ....
•",, ,,'' ", _i "
U
,,II
'% ° C_" \\" "
"6 " " "% " _ _ : " "
u,. " "........ .._\_' ' " _' _'_" - " ''If t,. .... /,,
•,- _,,_'-..-J -_ . , L ' _,_ '"._-. ',' ,,_ _, i_ _-_' ,;_. ',,, "'-_- - ,
_. • _ _ ,, . . . . . _ _ . _ . ., ...._ .
1965020181-030
t,
, " _ / .4,P_so.,..l,M.,.,,l;,(h,.,,qE),v,'i,on..
..,,
,},
+, a_:PO_T_o. .....l '_-.lU,'.-le Rev. I
++
+" A111FS I.'AITc H 131.00l: I 'F¢_'SSUR F
; / M_'ASUtl EMF'N T S¥:_ TFM , '":"
\ TITFc_IRY f)_ ()PkRA'N(-).N
( 'I , " , ,'I
", "' " i /
'- FC -|IF/g-R, Rev. 1 r . I.... :.,,-v 28. ,ar.,_j 'i "',, ' , ...... ,, ,. /..,';'/'I'.
•! // '.... ,> , ,. +:/,,
, ,j:
], // ,,,, ,s
:. , ,/ iv
,, . ,t+
[I , + ._ ]¢
: , ,, '1 c'_
" .o.,ow ,AG_ ..' :18 .__ i,._F.i,_o BY = G._ T. Greene . :..... "' :
,t +
.)
' '+ ., ' u u,
" ' "/ [i'e'iIF_l;__r_/' 2_, Iij62 +_m_m-_ '+.... : , +_"'DA'rf. ........ _, *
" :.Fel_usW 28, 1983,,l_v. I _'.' . , \+._r_ ,' ",, ..,, _:,
' -, S.., E Wes/Inali ,' +,
., ,,. ,+ + . ,,_..._..+ ._, -._,' ,, .
• ," , 3 ,_ .,+, "-IIll+'_'l.m01_ 'o,_..,
it + '",, i+ ili&,_! _&T[ PAr,( OA¥1 ' . P_+| - I II)lt[ , PA61_ ; I_,l¥ I . , ,
• + :,.,: _ ,:.,.__,_, _ _ :._._._._+...._+--._ =,_-._+_mPz--_+_smm_m_,.+.? ++--_.,.,_.:,:.,.-:_-'-+.,---,,.+_--"_i_ ,,+,
4 ,:.-' ., ,\
_,,, '_a,bl_Co_'l:e_'_',., ._ , .... " . , ,: , , ,,
• .'" . _ , , ,' , ,,, _ :,.,':,, ,, , , .
i," o-..+2+,e+,_,.-;-...._" ,:,,.,-"'" i: ,-,+;-.+,
-,,. ,,, ' '..,'",.,. ,, __ .'. ::
'"" "','" , -" ....... i] ...... :' ......... " _+_,_. - ' _,_'+:'""_.;
....... -<:..-_.._,5+ t_-- , _+ ,,. ""++_
L,+:',.':,..;'G,+.+'"+" .i:J.->'-++._'::" _,",",; - - ++ --+ +'..: fi+#-+ • ","' ": +:':"':
1965020181-031
, i
, . * _ , ,,
: °
-_ '()'N PI"-N} " i'."d_l t." (it-:, ( I'S
•" " "i' r,.,,,. N,_.
!_ ACKNO_'LEI:_K_Tli
i ',' g
__ ,, t tN_l_i(ll H_IC!'I(_N , ., I
[" II CONVI"N TIONAI IHAKH) PRI"gSU!¢I,: 2
__ -. ., MFA;gL:I{F"Mt' N!" -;Ys'rI.M._
J,
? D' ,
A. !_ w kgr(l, un, l .', 2
" R. Ore ludin.u (:ul'! -;_h.ttb,sc_ ,p,' , 5 ,,
'_, ,, C. :4phyffmo_ram hdcrpdetali:,n : 7 :
_:: _', ... D. C;tthetori .ali¢,n -. ._ ,.
'!) : III" AIRFSEAtlCH 121_r)OO PIqE:SSUF/I." 'k,, 13 --
':": ,: ./ " MF'ASbqiFMI'.NT 5YS'rF M '"
v A. lni'_tat Studies ,. 13 ,,.
... '" ,, B. Spectrum An,alvsis _'.,. , "_('_._ 13' ,,,\
_'t/_.,. ,, . , . ' " ',X, ,.
_' C. S'¢s_em l)_.rriptitm " ' 16
, _' :-' D. Correlati._n ,_ilh Clinical Mtqh-d ,,,, ,
;_ . ', " -. , L . >: ' ,:.... ',, ,
.,, " , F. S,_ur('e .f .gtg_Ms ., ,, :: 187f ,, ,, F. Summary ,' ., ,;, 22 :
( IV. COMPON_'NT AND ' '""" <' " ">" ' ",,, ..... . 'ENVIRONM F:NT 24
, INFI_UFNCF ON OI_.FRATION" ,
_"," " .... i_ " ' ': '' 24
• - o <" A'.'- ""G_Inerai .,,
Pl. C_m_ptmf'n[s ', _4a ._
"< " '; " 26 ,.':
' "' ;'_ "' OcrhldillP. Cull .:.' _.-:" _,
'" ,, i-."_ .... _;ilter ' ,' "i':, 20' "' ,.
',-, ,,, ' 'k, t_ ,, ,f '
-. ..... F:ir,,n'nrU_,nhl,i Tglctor_,-, _ ......
• 28 "
_', o .... ": _ - " .Temperatur,, " " "¢ r la_, " ' ,)(_.,_. _ "'
• ,' . '> >, _' ' ,_ , " ' - ,, , ID| - /' I_ - -_,--"
-("'::" ' < I. r_.k,,sur_' ., ., , _ , ...... , : - ii'.., .2 "° "
11,It'. --'-'- " -- '- ,. " '>, ' '-'- ,-. • - ' 'k/_ ,,, ' 'g-, " ' " '"
;:._, _, _ _ -- - , , - " .,. , t I ," ..... ' _ ;
};_;_',-- - ' ," _ ,- _, Vllll':ltti'kll , . , - <,, .v . -' =1 , ,,, ,2 ,l -y
":"?o "" ' _- ' _ '* -' '_ ' " /'/ ' ' ," '" : " _' " '
', .... ,,' .' ' ' _:..r,,,.,..,.,_' " "-- "- ,V _ ,o, " " . . ...., 30 / " _.
..... _ ',_, : " '"" " ' _I " ' .' ,....... . ,; ' /' _ ':" ,, " . . : ,,_- "_-i-_. _:<.-, : . ,., . ,,.... .. .... . . _ . ,:_,,,. ,, .... t©<.Io_i.iii_iti_,_
' l; - " - ".,-,a"" -': , '- ,/" ' . -_,I.;" _, ' ...... .. , ..... ','" '.;: .






,, TABI,F OF CONTFNTS (C_)nt"_.) " "' '"" " '
' Pa_e No.
,/
; r) ., Misce!,ia,,._t,ous ;,, ., :_
,t_a,._ "S_._.ur("P. ,: _ 3 _
"_ ,1. , ¢
' Physical 'Effects On Subject " 3 J
_' ' Bleed: 39 ,,, Rate "
: ",,Body Movemen., ,, 40
.:_ . ' ' i_'_ ,,.
'I 0 - / ,,
I. / .:. ,, , _t ,
, f
,/i • n _' _ _,
* o • II o
t, ,
..... , , -_\ ,,,
.."/ (I ". ., q." ..o - _ ,, .. ,,0,,.,.
," "; ' \k
"_ " _l,, _ .. ' . 1
' " _ 4¢
p
t _ ,_,, ,, ,, z ;'_' :
t
_." '" - "' _; "k°"""
°,. • i ,-
i ...."_' "," '"'":' ':":.... ,'.."'_ ..,Page._[| . _ " .
",. ...._.,, , _, , , .,', ,;. , ,, - - ¢_ :_-'_ _. _:, .
_. ,. _, ,,'..... - ,, .,,. - - ;. i ,, . . _ , .... _.. . -,. _ ....
] 965020] 8]-033
:, ,,,




° :_ :'_" FOR_D , .-:
.r .... :_:"' t_mO_yof o_r_Uon of _ _lOod Pr_re Me_rtn_
'__ " : _ e_ el/.- u AlterS _ . .: ._
'}. - ; .._ _ "-o_ Docume_;I_O. _5- ',,
_:o,, ° o ;'"" -" ' "- ":;,O.C_;L. A: m_!l_al ac_ol _i"tl_ .l_pa_ment 0_ ' "" ""
"';"._ =!.... ::;., ,.,,: -; ., C_rdlo_, _ldo|t_ e_.lrm_.l_'.° g, g: _, ,M, D.
•is_.,..,o ", ,:. 'o,; -, . o .,_;' WOrk] ,_blp_ p_e_sur_e ree odlnl.-.. - . , ..:
_!" . _m:_ .. "_. .. ' '_-' , : '_' ',1 -_ '_ ,._ ' ,. _ _.o ,
•_'".... e _o <' ,..- <,%'1 .... "-- ,; ',, " ., .' _:../ ' , _--' -' - '" ° :.
] ._ " . _, ,, _.... : , ,, " .... _' ,o <'
0d:'_., -'._ _.... , , ,- ._ ,_ , _- _ > • ,'
• k._ - _ - _u .... , _ . - " ' - " _- _ "_ ...._ " '_ '- _o - u ; _._ . • ,, e ,
•': ', , - :2;" ._,-_. _,- ..,,.._ _,,. -_ . ..- . -; ,.,?, ._ --_ ...... _-, , , .L._,. , ,: , . _,, ';'_y ' ,;.- , "-, - ',o
.._..._i., _ _,, _:._-_yo.. ,o . ' _ '_'_ .'°" , ., -_-: _t '-. o _' _. _ _, "._ ::_- _"_ ."
_2,'-_ :-'_ :-,?,;;_° " :_,.ub._XLY_-:'_....... _ . - "'_ --,.-::";.'.-" 'o ;_ 't _,_, " " ..... ° ..... "'_'>', o ' ' -_
::-_-_ -'" -" :'_r.:"_" - :"_,: " -.'_ ": - - "_ -._. o _-_ " :- ° -,_ .,'_ '-', "-J-- ". '- -' -' "_ _'
a',_t_ _4_:_-'_L£,.'_.2_._.,£_--': ".-o ,;,_;\-L'_-----=_- w:' .',,-,<_<" _ "% ,,, .',._, : .'-',,_' O o _, _'_,_';,_-_'; ,,., ' _ ';, " ', "° ,i ,'-_
1965020181-034





: ;. ,I !N UCTION ., _- ,,
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FIi - ,', r, e, :
]_ C tm.:_d,-rid)lc lira,., h._g ,_b,.n e×ponrlpd in attemp_t: [<,,Kain more
"-" -inforr,:;ati_;n_rtmr(,rnintz thi_..h(,7.,Ith of t,e heart"withciuI res*.d-tinl: to sur_icai
'tech ,.lliues. Th.c primitive'mean.4 of ,,t_ser.ving the .heart w_is to ii'gt_n
lj direct to the lii_art sou,lds and then compare these sounds-with thoseofv
/:
_ _..- 0tb_er., 'horm W'- h,arts ,Orig_nail'¢ theso ._ounds were preceived by the human -.
o / " o, ' h" .......
-.;.' - ear-a_!inst the.--chest. "Those s¢,0nd.'i _lre--caused bv muscle contractions. • ..... :
'_ "- • _,,_' ' : " O ,-4" ,, '-: _. :_. " ;. _ , , : ,_ :
_: '-: , blood fi_t_-, and olher.: vfbrations which are transmitte_t'throu_,h the muscle
J_ ; , Q : c , ' , J - - _ " " " c,
_ o .v.... and tissue-b_'-(he i:h(.st e..yterlpr. In 18.19,-L_;_nnec intrdduced"the'-'m0naurai
: pc. ter man d._,4 bi ;' -;• ,,_ "_ '- : ffte_thosco Much la , Cam n intro ;.d the naura! version -.The
i --__ ne_ lpgieal.devolop'/nent was to_;eptace tiC:ear .witti z pressure lransduc_>r _ : '"
: ahd to re_cord ttl__ heart sounds _n :a gra,D,_'.- This tec'hn_ilue of graphicllliv. " ",c " = - - , *, " " - • ,; ' ; " "
- () c, " _. "- 0 - - ,, * r /, -
; _:._ :. ': .- reccrdiffg.the acoustic.phenomena:ass'0etzted with the cardt_leae_|ons it:_ '- -
. termed phonocardiography.. ' ""-i;. 'o',:'_:.7"
I
:_ S.lnce Adl_sear,_ as-,a-:_ttal w,ter in life support functions m . -G ,,-t"
_-, - ;, _: :' spaceflight. (,Pr.,_ject MeI_e env_ronmen -system. Apollo envl/-onmental : " -
.- :_ ' .,o_') system, advanced Tife."support _ye, tern studies, etc: }, these probletns led .... -, '..
: _ . naturally study-of/aer-uspa:ee metlteal instrumentation. As a _.:-
•"_" .... ": .: _ .,.." ,,":- --'-'_"_'/ - . ,.','-"_t ?.- -' -o" - : ..,. " :. " ' "
i:_- ,_ - -i'e_ult'ofthe_s_e-.qtudtes,"ac_mpacl,-portable,ele'ctronic'l_Tood-1:_'essur__atem "---'"U _
- 6 _ .- : .-., . ) . - : -, : _ , .... "_ __Ci " .:,z ¢_#" " " z ,. " , - _" " ." . 7 _
: :.... :- hlisbeen lt_e_.'_36i_i_dWh_.eh_.un'iirnt_i_uoasly _..esents the conventional s_;._tcd.le . - "- " .-..
': " :: :_:-... ':and .dia_ffgol_!: _iid,c0__in.a elear'_ grapiiical-"d,*_i)lay._ _ .j-- -'__:."' - ._.'-",_=,, - -.:"' -"-'-:- °-
-. _ v. (2_t. , . ,. ._.<_,:. --_..... - - , ...... ...... - .._ '
,_. \ ¢"-_i _ ----, . " {,'. - 12,. - .... _ _ ._"-_ - - - - : .- _ ...._ -- _ '_
. • /'_" _'," "-" " "- - tr .-. ;.- .- _._ ',_ .,- v :-. - ., - ' _ '-"
i il"'......"  !:iiii.............:iii."' :", "_ " _ '_ ,,.;. " ,, - ,-_.1-. .2.° __ -_;L
. 'o_°,.,," .- :"<,_."_ '.,:,,_. _";-,, "\,..,._'d..=<,, _ .....,;._,,_ " ii:'°-"' -'O-o,'-_","°" -..-_,......'"*,-
, '.,_ " - "'_ _ g . - : "_,_.°"" r,j_ ','_ _'-._' .._.,- ,_" _'--_.: ,,.'_t,. ,'-"_"#., w .... _-. ._ ,. Z--,_._: , _"_..'_.,._
,_,._ _ _._-._,,......, ......_ ,,_...._....,......._,.o ._o...,_ _!,._! ,.,_: . ,_o_._.
"_".,"-":T,'_'" -' ' _ '_;'-_"._ _ , ._'_'_'v,_' ".",Ak:_'-;,_.'-x:,'_ . _a _ "_;-,.-_..:,,j_:,_.,%',_,.,_._- ,'_• °_- u.:.. _,.-.-o..,.
,..,£. .,,_.,.. v _ F-.Qr- _-" ':,_',,/,I::La_<-_(.,',;_" ","_":',.' = " -'_....,._-_ _ ':>."_!:,__-L.',_,"_:",-"%.: " " • ';.,'- .
_"_" ;--_" "_.-'\, " '+' -- _'- -"+'_,"I"s' Y,i¢.e_',,-_'.:":-"_,,_.-..:... c _ .. . ' ,_'.;. ..'' '-}.,'_ _, .6¢_. " .'.,_ o _ + .-
_:_:_vT,,a,....'-.,'_'-._;'_,:.o.,&.o<-::_,,<o.,_o.V_.,k.'c_ ,__ o._o.:..o,,v_,.'4..b-o:,_......_.:._,,,.--.... .,..;,,'Z:q,,<,:_o.q_.;...... ,,_<;
'_v,." _'_.,-"._ j.:'/.'..";W.-.<,:'..°'_t o' _'.,._.";.;,_.'_7_:i,-_.'_;o<_,. <-,:'_.:o,._Eb%.'_P=,___J'o_. ;_Z'_:t".'-;- ..'e -,o_..oo, _..,- _7.,%"_,'
_"-',_"¢.,°V'_-_ _ _ - >,,.; .oC.;'-'_#:._,,,"o;// _ ii ,,.,.,v. _.._,_._ .-'g,(_ _-:_._<'<"'_-_..<'c- _ o ,_>, -4t ". o* ° /_'_i-;'f#e.. '°:.:-,"_7>,:-.'- j.,,a.q._..'_._,.'a:-oo* i_ _,_'!1i_
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SFCTION II
)" CONVENTIONA!. TI!,OOD I)RFSSURE MFASUNEMFN-F FYSTI-'M._
A. BAC K(;ROUND
, -. The svien(-# of btt,)d pres._dre measurement is r_ferred l,) as
sphygmomanometry. The i)t_)t,d pros:;ure :'aries :_etween the peak and
i._, .: ,-. - trough valueS'of the pulse. The :,('ak attd truugh wave are ref,'rred to,
:; - _ as the systq!ic and diastolic pressur,-s, respectively. The :ariation
of the pressure through the cireulatnry s-:._lem is indicated in Figure !.,
• : This shows that the p,.-essure does ni)t decrease appreciably until in
the large a.-'teries, but d, te._ drt)p: on passa_:e through the arteries ant:• . : •# .%
c_-:"_ar_es-m-, , : - :'L--" )j
: , - ) : The sphvgm;Jtnan,,,.-_(.ter has been part of the standard practiem,,.,_ -:
., ,-
,_ equipmet,t of the physir.|an for the past h_.f century..Although it was
b-:"= - preceded bvearlier aids. the_ c.10velopm_:nt of this relatlveiv s:mple
,?,,/' _. , device _'_.quir'ed me)re than a centar# -:r research and'experimentation
(°.: b_a s:icces._it,n of fan:_:us phcsioi_,_ists and physicians.
'.•" - : -- 'In 1733 y_eph,.m Hales"effect(,;! lhe first recorded measurement
-_" ' ,: -u! blood'pr,essff_e hy insertign o£ ,a lube (canr, ulatic, n) into the leg arlery
:o . - ,_.- <-"ofa hor_e and conne.rting it to aJ'('erti(_;al tub(-. The blilod in the tube'_
-:- " .:. ,: -' "r_)s"e..slightly m0.re t_i_: 8 ft,- an accurate m,.asurement. ,,f I)Joon t)ressure
..... 7 ",2 -.
-- .. . " . .- m thee |ef! ieentri.c'|e, -It"-_s nearly a,,cefitury later thatPciseuille ({
"_.",.'": _mtroduee'd the.U-shap-,-d me rcurv manometer; shoWn m Figui:e=z iu -. .....
-"" '-, ,._._ : " : --_/se -,(_itl_m_l,)_io!_. This mai,:im_'ter. "o'hieh was-fiiled wit h a soluti0:i.
"-<-':--" , ., : .. -::' of -earh0_i_Lt_"_d.'s,_cla.to. pr.e_:ent_ ('lotting wa'k_,attached., dir't, ctly, to-the ' __ ,.,
,. .:',_° -.. ar(c, rv: - o '_ _ .- -._ ..... ' ...... _---
_,';" ,_:.., .--..'- o. ...._." . An-early p_'a,,t.i(-:_L)l_?:-ms_-umvnt f(W.m0as.uring ,_ireetlv human. --.:--
,), ;..... .": '" . o-"S."-"_[a_t6_ial-prg',_gure _.._).,:thi-'"ll_i'r(Sim ;'Si_hv_t_Iometr_.". sh))_n-in Fil_)re 3: -.
• " ' -'*._,':........ :,' I_iIa,_:dcxt,t('e t'0)t_SL'_tg'd:,! a.met;t! lte.nl,:sphere i-ov_r,d with a nleml)ratle,-
'o , " (-, ...LT_ ,',", , *' .". ":_, _" 7. "%. _ -' _ • _ :- '-.'<. _ .,',: _ .... _•. , .._"
_#i],' e_,,_" _ - _ " % _: . u- _' '_z':"_'_'Y o" O. " "': " " _' _ _ " _ o _ _ " " " :-_ 'c , ,o "- _ .... ,L,_,'
-) L _ : - " ......
•,,-,_, • _o " _D) , .- _o L,..6" _'_'_" ._.,.%, -%_-,, .o -., ,, -.._,j _ o - , . ,._-_,_ .-_.- ,_, -,,_ - .... ,>_, ..,,
1965020181-036
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l* ,:: Figure ,_2
. .+
.,,_ _ : PO ISEU ILLE.C'"HEMOf_YNAtIOMETR£
' .!"-_L::--l-- .i '. U tube fll-led With mercury.
J/ ; 3nimai, ar, d filled wiln _.)idl _r,
of subcarL_onate of soda, t_.gre-
_'_i vent cloctlng.
',| . ,/




,., .: ., . .,' '- F u e ;3
...... ,...... ...,!:\
' " "':' HEaRISO'N "$PHYGROM_TRE"
';_ _' ' !i '" ,, -_AB-half a a_tal sphere c_bvere,t
il ' wl I_h'.r_embrane. ,, C-stopcOC, k" 0-
' _' Cdl::i|tary tube filled with .r;'_rcury."- tt °
' " ':'_' 'D "_ '_., ,.Tt_e _e,nbr_ne |s,,'_,plac:ed,on lhe "
' ,, ." ._! rad _a t _rar ter y and t.*_e ma_n I t"ude
',.'.'.... . :..: .... +"_ o_ ogcl;latl'_+ of (he merc_:r r
".. ' . ,co!um_n Is noted. \ ':
• " q
\
,,, , ,: ;., _ ,_ !_, ,'_' ,... ,' ,' ,.
Ct ,L u '







" i' SIm't' Ih,' p:l!gt- warPs 'gpread rapidl,; Itirttul4htmt th- arterial "
.; '" syst.("Ill filial ,trt nl_l;liflpri In' V:tlWirl_ (l('gl't't_N by tilt-, nature of the,.' t_vPltl,tiHl_
. .. cuff anH hv the rpflf,vled waves, it is i'b'ar that de.termin:H.>on:: -I .., '"',
:trtvr.;.al pre.,;_w,..,, .repres,,nt.the Inaxm_al "_t,d minima'l puis:' waw. ..
prt,ssure': it tilt, p-rot of meas'ur,,nt_.nt. ',- " ,
/
, , _r .....l'lu' t_riluar; - linlitati,,n with th,s tcehniq:w is that it is .hi htv
: sut)jeCtiv_'..ju natur(. 'dvperirlin._.,n such. thin_s as the,: hearin_ all!tity ,if
the examiner, the quietness of the surroundings, an,!..the resistance :_f .
the art,'.riai wall. ' ._ ,_
.j
C. SPHYGMOGRAM:INTFRPFtI* TATION ,, '" ,
, iI
Another method _t,f me_surinK t)tood pressure is to use a pressure ,]i
.... pickup at a!: artorx:'.with !h," occludiulz Puff. and re-cord the arierial .....
) pres.,,lire puls,,:_ ,,,: .,.._.4-,,ph .i£-' the",'t, ff pr(__Dst.lr_! :ei reb, aspd_' This type .."'
i t>.ftrace ts rvh, rrvd to'as'a 'sphvgm-gr:un "Fla_ by ,_i?serving fhe :shatlo /'
i' , ".d ihp rt_.t-ortt,'.;m :lt.tenipt. ''_ ' "
%
r:; m:t(lr, tL )otermi:,,., the _yst_,lic and diastolic
i pr'cL-;s;tle,-:;. In th,, pa:;t tho rt.c,_r,ted' shape 6I the _;ata_-rtdio i/imh t"t[ the .... . .-..
I1 radial ar(,'ry."t,,!s,' e'llrv'f,, hi.Is t,eFn att,-iljpteO,y ust, tl as :in indjt'ati0n Of
• " , . ' , , i t
_. .. the ,:lias{o'!ic"v.tl'lf Thi.-;.was lntrt_du_d-I with the' Ma'rev sph_:_.mo;.q'aphs
i-' ' 111 tht, l,S:i0,_,,,....."|i_iwe{'t)r. bY r'efer'c"_ '_' i_:.Fi_ure,. ,7.. 'which l,s _'.tvpteal
" ', , - . o • ,4 , ' "
'_ -/ Sll.ky.gnt_lKrTill ' it"is seen that it is. vt, r-¢ difficult t'rl"dotelimini_ whe'rc :< ,
the :,vsi,'di¢. an,t,r_liastill.le vatt_$,_, o{'t.'ui_...,This 'i_lrle.(bt, c'lln1_i itearly " ..,
' " ' "" ' ...... "' 'i...ll.l.,l s"it- iliflitt:;.i'.il0it",it, 'l,"ti;rlnillt' if flip :7,ubit'_:t'is tinder str,,ss. _r i ill I
• ' f' ,, ,o, " - ' c,
tt
ljr" "..... s , " : '(,A PHI. ! ...III,.,;_TION-' ' "" :' ' " '!
•'" An_,Itl_ r.,hcart in.wl rurllorit.3ti,m te'cllukqt_'P.'.,, is t_ lusPPt a tiilie....... ,, ,-; ._.
" infd: tl.;7, vari(_ii'.'-"he'ar't' r'i._.,.i,_!i-,: . Fltt,s pro'ordure, l,-ru)_H , o .:..... .
.. , , _ (_ :'
'c;lthci"_,rl_,rltl,:n, altt,Ws 1)rr, sStrri}"',i.ua:-'.u- rf, .... .. ' "" '" :' ., ,_.... I t, I -_llt. at r..lls_ tt,lP 1 ,,_._,_.,i..tlld ,." "
.. >_, ':'i.ls,,..i_ us,'d,, h.: darni_l,. _7;i,'lt;d. i,i d¢'h,r iitine, O_yl:.CllI c<rlc, ent;r:ttig_l.'_,. ."l'll['= .... ' ': : , ". ,
% _'i{,'-
" _:_ lJi't'_._'iire le+,q:.le,,an_l vibl:;ilt.?ry sti:llal,(l,,ni,O be. sc_e,i._ltt;i a hi(-.dl.di_?gr0e " ... t_
-',' ' :¢, <,of':.ct.:Urat" "_" ' " _ ' "v u',,_l.iI4.jJt,' !r'_'l.m,qut'it <'itr:!nsdu.:'driU ust,_t,at lhe pr(._,r _' . '" ,,
" .i:'.:"" '" ''<:_.... ' " "" "' '"' ' " <'<'""_`':...... , " ,..... . ', ' t
I I Ii
_,.. ,, . .,, _- ,. ,. ,., ....... :: ...., :......... _,,,,, ,,,, , ,,y,.,' ,,.,_\,,. .,_,,..,:.,, ,
,:_ ,.:,:7 .,, :,. .',:":".." ::,,,_'")7'...."I." . , :'_,' ,." ;vC-4ti:_i.-_"<,":.:..!'_',t,_",
t,, _:J_...,.,._-,'.-' .-,:",_ ° <' °' ')" ;; "' ":" "'_ . " ' '-:;"', :7" ",'4';) .... A,, ' '!£:"_'- '" _\,'

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































'-- '-; "-' ' 'I -_ ,. /_ _ _ __1 - ,_ ', ,
x"
' ' " "' / )/'+
l /
I _, II . _ i ¢ IJ "¢ i I
;..... : location. Cave. mu._t be taken not to attenuate the vibratory _igri"a,_s',
.-. ., pariicularly fh_ low frequency.onfi_, by using.small diameter .ti:bings
t :Ol"tipfliintzs. _ 'l
, ;. This proced r.e ,_lthough entaillng.s_)me risk to the patlent, is ;_' :'
t) _ ,. .- , 4
32{ ral_idlY becoming a pewerful.diagr.,osttc method in certain heart disease>.+-_ ,: ,,
+_. : ._: . '-' ¢ases_. There are over 40.Tcen.te_s in,this coiintry .where catheterization ..'
_iI _ '1 _ .,
" iS periofmed, and the number.'bf competent:medifial ._pecialists is " ..,
-,_,"-" ,: .-. rapiWv.,increasing, -,
;i}-+ -' ...... ,>,+ ,>y,' ", > .... Schema : catheterizalion., ocedure , either ns.ertion
_i._,...... _e .S_ pun. r_e ' die iubing th lh th -• '" - a tube up a lar _,e el+or ,, ctu of'nee rou e che._t
. -<+--.-,. are'shown in Figures_-_. 9,-..and iO. : : _. ', ,; . ' '-:.+-3+_
_:-_-- = : -. ' . ..... ..... .,iI
, ,. a. .,_- -,. - ', " - _ i.," , - • ....
_ - _ ,.
+,,,) oc , ,.u = . . <',,= ,_, _'_ f '+" . '., ,
..... <' - , ,'7- ':' '_'' _, :.,'.s -, . gl
c. ".' o " +:*-'
'_ - _+ . k _ + .,.1 l l, _ _.... c /' ' " " -.... + ' ' '
- .' ++ - < >:' + - ' -' - • + ' ,+ d .l* .
•,_ . _ . .+ , ._, +- ,,)_...... u -, , "_ <"+ _--"_' ': .... _' , ,, ,',L' _', " - - ,_
t*;' '- _'L- _...... " - - "- _- '--o _ _ ..... ,- ',-L.>, "?,_ _ : // _+ - '_ o " " ....
_ ;'- + <,: __---_---- .... -- ,> "' " _o -" ,. ', - " _ I " I/ .... .' " - ' ' ? _ .
i. ;_ -', ._- c. " '+' "' _'-'_ ":_ _ L . • " - _ " ' ,, " , + ' s_ _< _ - '+ _\ " ':'
._,_<'.-=.o .< < "tl- "_.":'?" ,-, ' ; " "-_ .." " " _ I. _ ..... .. . ....
r_-_ __:_ .... : .... "-___.._- -_,. j. <_ ,- -. -- --+.._,-_ , ,- -- " " oo:, ,) --I, , . . :._,, v .,: .- ._ ,-
_t _.+,'.""_ __._'_- +-.+4',-+'++++ " - "- - "....... '+ ' " I'.." .... _' .... /" < + ..
,.._._.7_.:,._.--_,.:.. _: <...:;-<...,_4.._..o ._+-- .,_7:<o--. ..<.+° o- ,,._- {.,_., _- ,,- _,p> . -_ °'_ -7- .--<'. <,
%++..,'-• -.'_,- .,-+l_o_l', _..- '. ,. -: -'., " ,.++ '- - li..........
_,...-_ ,+i.,,,,._, <,.+,,>_. ,_ ' '<- /_ _ - "+" < - - "_ - - " "_.'_'_ _" - '. _"" 'tt . "- "" -. 'Y..... "-_: ' ' <' '., "
+,+ _.-'/I. - <._+. . ++.,, - + +++_ , - ,,¢,. ..... + -_. -, ++ . . o'_. -,_- <+I _ <t' +. ' ...... _,.--. ,, _+ -
< .._ -'. ,;-,.+.... .. ,,.,=+',.+_<...<+.--<.,,,<,+---..++ .._-<, .'e ....... . '_,k+ .__. <..,, +<+_,:,+<,_F+C.,-_7.%_tt,.<__
_ -k._.. ' "+ +.% + -_" + ,. _._ v.u, _. .-_. L- -. + _ _- '- _•_ ,_ :t'. +. _+_o _ ' " .' -_'_ : 0 _t*, .W_'U_ _+ ' - _. _ _''_"; ,:+p_)-++_, ++" . +:_-'+' . t+ + r,' ,;]_<<- ' .... ' ,, . , . ° ",+'.,-'-'<_,;_..... + t+.,-"o;P_o,+.- ++- -; ....... _.....
• ,..__++,:+_+,_,++., _..+._.+:..+_....,_. +,...... ...... ,.........-._--,..... _ . . pilg,eg-,+ ,,..+
-., _ _L._,_+ ,_'+% +,.,.:.'a," _.'1_'-_. ,.Lt _"._.___.'-"-_o<_,_,_.+g..'.'_-..,- _,,"_ _' "_ "__...,.:+-'L' +',_ k_:o.+"__" "'_ , • " '._,' ' <, .:-.,,'._"
J_| _r"_,,o +.-_,_;,." 0 o _ .. .._. _:.+L,_._.- ,..+--, .+.+-_,, .+ _,_ <. ..... ,_,+"_ i+, - < " ' - +"+'- A' , .... t_" : .> x ..... -.o.\_._ _ • . -- - _..
+t_+' +P_........ _..... --=+",•- _--+-- +:-- ,'-- ++ e +,-,<,--+'...._ -,<t-_ - + . ,_..... ._, . .+ - + . t_+++ . .,l.,. , .,. - . -- -+_,
<_, _+ ..........++7i,-.....-.. -.,..... +_.... x4,,-,_ ..............
"_ ,-'4_ ......... :..-_ _.----+ . _-+.- .'F_o_-.',",.,-a--? +' ft+ +,,+ ._, t_"_. .... <-<._,.. -,++-.7_,. +_',_L ,& <,<.oj_, ,,; o- _ ,.,._.,_





?,, SF;C TION Ill
AIR ..... -"b.SI',t_RLH BI';OOD I-'HI_;SURE MEASURF'MF:N I" SYS'rFM
t
'A, ,-INI£1AI,STUI)IES
" NI<'i)h)od |)I-_,.¢;st.lrt' studies at AiResearch w,,re imtiated in 1:_514
l_, Sul)pt)rt Hie l,:nvironmental Centre| System stuclies and hardware
(!tr:-(,l.t_pn_ent. "Initially the-'effort was coocerned with obtaining t'c_)rre-
latit)t_.s which _'-uld ailo_, interpretation of eonventtbnal sphygmograms.\
The prii.xiary.. requirement ft)r the study was thetthe blood pressure,. ,
__ indjrcs.,n_:)st lie exceedingly.close to those measured with the .stet)_o- ,,
scope. Ait_ou,_h other tncli(.es may be useful, t_ey cannot be interpreted
within the fra_mt'_work of (wer 50 ye_'1!s t)f data taken by physicians all
-' _i_,,, ove.r_the world, 5,-veral hundred sphygniogram_ were taken and c0,-n--.
_.. , pared.with the average systolic., and dla,,itolie indices asrecorded by\
, :s_veral trai_ed nurs(_i_. Althodgh somewhat ambiguous, the, systolic
:,: - - _::_iuecould _,<_ually be_,_etermined by observation of the Spi_ygmograms.
- :, ,Interpretation. , t')f:he. diastolic,, w_s more, difficult.' F'nally,, the slope of
.the c'atacrotic notch of th(_N_pressur(_ wave was selectedas one of t'he .'
.,, b(,st correlations With the"d_'t_stolie value. However, aH the correlations
o" proved misleading ,m subjects"a,nder stress or' on subjects who ha.,d ,
-.-. , mildly; exerc=sed..Such a techniq_(_ 'was obviously _, poor, criterion for
.... ph_,5iological evai'uation of:)a .man aui_ his. performance in an aerospace :., ''..
'., " ' envir,_nmental control sys_m. ' \ ,'/' ' . .
•" .. 13. 'SPECTIIOM'A__.NALYSIS '"' ' ."
• • . ,_ _ . . . _ '! ',
- " ' * ' '-,k
,, In order to fred a better co_'relatton_:,spectrum analysis were ' :
eendu(:ted, on th(" tape-reco ded s:phygmogr_,_. Various frequenctes
';_ . .. ,_ • . . , . _ . ,,_ , , ..
. , _,,, , ,. , v,(re..mvesttgated ran_mg frop_ several ('ps t(5._everal hundred,cps.
t[ ,_ _,, , . . . . ..... :;--- . , , . , ,.\ . , ,,
_i:: " .,, H_::h(,r- frequencies"' were..not'' _xtenstvely"" "mvestt_x_,,ted'_' since" these , ' ,,,"
,, • , ,
ampl,tudeS are'eonstderaht" -'*':wer. Some frequert_4es were discovered , _
:" , _ '_' ,_ )._- _ ., - , ,, : , , , , , ' _ " .
_ " " .: wltich (:orrelat::d.well'witho _ upper and lower blood,_rcssure values
'. ,, '_;, . ..,., , .,_' . _. , ., ,_
' ". - _. c, &,,,,''. ' . " . " '
-,"':" : ,, ': ,, ' o )'O-4O70-1
'::'>" " ":' ' " 'i"i\,, , ,,:_, '" , i"",'Page',,l3, ,,




determin_'d witt_ a sierhc_sc_q)e. The firs[ appearance of the seleci,:d
frpquency agrees with the systolic index while the disappeara,.:e ,d
the sl_.'n_!l correlates: with the diastolic value F_rther tests On
various individuals indicated that one particuh_r Ir,_quenc.',,. around
35 !:PS. pr°duc_ "d t[_ must unambigu'.ms res,;Its. In some i_di_ifluals.
! the 17-18 Cps t,r the 70 cps signals are higher in amplitude, but 35 cps
will give correct rt,_adings even for these individuals.
In add.Rion to'_the selection of a particuiar.,si_nat', tests were
c c..,nclue-tedto. verify t',he optimu:m position r,f a microphone to detect the
stronffest signals)' _he. optimum lt_eation appears to be ,_n the brachial
artery, near or.under the oecl_adin._ cuff on the arm,. Measuremen"
can be',take/n at oth,r points,, such .a,s on the leg, but the signal st,-ength
" is conside,r;dfly,,, rt, ducei_,. The ,brachial artery position is shown by
the cr0s_ in Figure, 10.! ,'
,t
,,, Th_. 35 el;S signal,"_c'an be compa:ed it; a wide pass band signal
4_' (sphgmogram) by r,eferenee' to Fig_r.e 1,1. l_hi - f!gurP _sh0ws the 35 cys ,
signal supertmpodOd on the' cuff pr,,ssure _igr/ai as the.cuff is slowly 'i';,, :'" / ,,
_, ' .[/
' bled. The first appearance of .the 35 eps signal,, which corres:oonds ,;/
,to the_systolic.:value of blood pressure occurs, at approximately !30 mm '/: ,/
.., ': Hg_ while the first appearance' of the witle bandpass s-;tmal occurs .at , ,//
, /
i ' 155',mm Hg. The 'disappearance of the 35 cps sigtial' is at I00 mm Hg :.
._ ' ' while the wide bandpass signal',continues' to about 80 mm Hg.' The , : "
il meaSurement:using the stetho_cdpe.f,, r this subject' was ;approximately ....
.... , / ,1 [ .,
I l .... '., ,j., ,,., ., __:.o , . ,; ,
28/95 ..... , ,
',, _.
1_, _ , ,,, . ,,
i _/,
l' _d
., ,, " t. t
/ ' .,,,.,,'' / I i , ,: " ;
, / ,i, , ,,, ,i "',/ " '- / "
I . . _ .. , ,_ ] / ,, ;
'/ . iI i I /
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1Fr.r.ef _.ht.'_thi_ _i_aa_ ¢orceia,b_ ,_i la _h_ i.,_Fig,ure Io, where J_ regu}t_
_eT_, _:_buy,tired Jubje-_:-. The c!i_!c_; data, which a.re _ummar_ed in _J_-_Appe_dLx,
wer_ .av_a.ge<l _'._m _rv,er_._ _.--alv,ed pav¢o:,met. _ _b_:,_--ni_ thi_ fi_are, the AfRe-
_earch _29_em _,.ea_ur_s ,-_ltgh_ly.higher _y_ol!c and _llgh_l:.., iower dia_t_l,, values.
: p_cbably _t_ce tim ._l_rop_,e !a _perior to the hutaau ea_ ia sound di_crhutcatl_,
Fl_re !-i _]_-:_ -'.h_variation An :':,_ clinical value_ _em_iVe_o This __adic_te_l
i that th_t:c }s cou_id_rabl_ _p_ead in blood preoa_ve mca_ure_ea_ oa _he a_.me _bJec,'.
! '![ different t_tera are ,J_-,ed. ?2e variation _ho'.vn _ tigvre 13 between _.'ve.AIRes_arch
metho_ dce_ not laz'ge wh_n com_aa_-_d tv_ys_em _.nd
i Fl_e 14.
l A_R._seare_'_ met_-_d o,_ meaac_in_', systolic and dia_toiic pre_sure_ I_ related
; only to _ clb_tca! method. No att.avipt _ae mad% from its |nce!_tion, t_ correlate
' _1_ any pracfi_e -_t;.,ez _hac _-t -_-_lah has been clinically practiced for 65 ptasI
years. Titre are, In tke medical literature, ceport_ of lnveatl_atlo_s attempting
I -_ eaL1_ll$_ reiatioa.s between direct am] ir,,Zi:-ect metl_ad_. "2, 2.
Solo additional _tudie_ wer_ conducted tc 5etermlno ths goatee of tirade _tgnals.
i A ia:ge call.tot with a barium tU:anatecrystal wa_ _nseyt_l ia tl_ carotid arte_ o_
i a lar{_OdeS. The catheter _a_ inserted via the carotid artery tt_ug'a the aortic arch
] and valvo in_ _b_.e.dog's _.eft _entricle au-_ltitan wltl_lraw-_ slo,nly, Tim re_ult_ of tht_
] t_st are rep_-_luced i_ Figure 15. Trace C slmw_ the 35 cp_ 81gaul which wa_ ill-
" ter_ h'om Trace B. The eig_al was apparent in the l_art region but taitiaily could
, not b_ d0tect¢d wban the catheter _va_in th_ artery. _ubseque_t Inve_ttgation a_d
study ia _ human ndb|ect yield_ a means of overcoming the in6tcum_nt iimitatio_
and tl ,_it_al_ _ee detected. ,"
i. _ obviotm question is wh_ther tim cor_lating blood pre_,,we al_ais are "
a_aciat_ purely with _.urb,alenc_or aro t_y iml_d by the heart to the arterial *.
i blood. _r_r_m and only detectabio whan _lt_ a_ertal _ ts e._erded I_to the blood ,
strea_. 1_t_ cafl_ter te_t_ $_m to i_icato.these pa_leuL_ g_'_l-tie_cteg a_ _]|t 1 -- :
: " Ua t,_ pulse _avo,itself, l_w_Vor, ti_ Kor.o_ff _aad_ t_m_lvo_ _:ay _ a.
_, : o, : 1. Joint r_eommendations of,,U_ Am@rtc_. heart ha_attou aaa rJ_o arm_,c ,
i- _' } 8oCio_,,of,,,,,Groat, Britain a_d Irolatad: Am.l_ax_J, 18:95, 1939..
., _ :], .]_ordley, J;, Conner, C,A. R,', Hamilton, W, F,, Kerr, W.G., and Wlgger_0
" ' C,J. : Circulation _: 503, 1951.
" ' , ' ', " FC-_,40_te-a_ v. 1
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<vmd_ination uf t!:.,' ':uri_tlh-_l_{, sotlt_d-; {':fused by (w_:lusion _md :huse
,'arr..e4 by the t,'u_-_,' _,,ves. In ,my _,vent, the f:Iter_,d s'ignaal:- t,ei,tt_
.:{mec,'ed ILvfhe A;Ft.e_-arch BI,_(,, Pressure System "ire pr,_bab_v a
('Orw_A)_}nlPll_"Gf _a.'tl3i| :al'l:" , .llallllOll'll" t, :'eferre4 ',a as the K,,,',,tk, ff! s(,und:, -
. ...... . , o .
S_,mc typi, a_ trat'es _a[ lht, se -_ouo.ds from 1,"-to 58 cps is shm,:n _n
g:._ure 16. .-_,' _,mpiete expianation of what -he l_rotkt,ff sounds '
(,Jnsist of ,xoub.-i ,'ntail - onsiderablv Study.
F.. SUMMARY
.... :..... The medical theorT;-be-e-hh_d-this de_:ice is that signa*,s ;ver_" dis-
_-->-_- covered which correlate well with the e.on_-entionaI audible KorotkoIf
sounds heard during, auscultation... These si_-nals when det_c,ed_'-'-- and-
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COMPONENT AND ENVIRONMENT INFLUENCi_. ON OPNttATION
A. GENERAL
Thi_ sectlonpresents a dlscussiouof the effect_of t_s en,_'ronment
and vt_rtouscoiloponentsin the blood pressure _Tr,;._eiloon the detection
_nd accuracyoftimdiastolicand sy_tolicpre_sureo. Other c!mracter-
istic_ such as power, size, etc. are not dtsctts_d except a_ th_ affect
: the blood pres:s_re mmeasuremmentaccuracy.I
One difficulty inherent In these _tudtem !s that _ommeof the apparent
chz_e in ti:eb_ood p_e_ure indlce8can be ph_Iologlesd railer fl_n
[, +=....._ f_ncttonwholly of the blood pres_uremea_urov:_ent oy_teiloitself.
! -+ Ti_S condition was noted and recorded during tlw U_dver_lty of Sou_r.
+" California centrifuge te_t_ conducted in June 1961. The _Xcerpt
j'
I _ 'and flg,.ur_followingtrovebeen reproduced from AIResearch Report
!
i FC-4094-R, Revislon 1, "Correlation T_t on AIFe_rch Blood PrefJsnre _
[ Menacing System 5474_'. +
I
j "(_) The catheterecordclearly_l_w_ thatsy_tclic_ud dl_oltc i!
; preo_ttre_ rarely re_.[n quiescent for __nylength o_ time. Tr_n_i_int8 .,
|- "
+. were pa_ticula'rly In evidence when test celt activity _ttracted the. "
attentionof,or s,t_,_ed, theoubJect.An iu_tnac_ofthelatterw_e'+ ,',i
[ _ a cuff pressurizationwitlmut_ruL_ _arlyint_._et_ (FigureI).
i A_r thesubjectbecam_ ncc_tomed to.t_ c_J_preoourizalioncyclg, ..
,." ' ++ -+ -, blood pressure transleut_ were more mo_et_t, e, bet raroly s_b_nt f_ _ ,_ +,
" more than a fe,w _ec ,¢mds. AnoU_orn_oct of tim _mn ors_mismo _TMehi
, ' _ may,.be luforrod,f._'om the r_c0rd, ts the, tiiloe-d,epee_nc9 Of blood pre_Ocre
fORe_u_ the o_et or removal 0f, _ttt!on_ ++_:;_o,wt_ tim C_n_rl_o ....
/ .-I
" , Some run_ sm_emt_t_t tl_ bo_y'o 'meClmnt++m,+o_,_J_tit_ blood . , . /.., \_
" ++t+ ' ' J '_' l ' '
pmoo_e tO.me++tn+w mttm_ilo_may bsl_VOam m mll_ y m_l_tm_l., ,,+._.".,' ,,'
oevomecl . :"'",, /.' It|sm :_Y".u ..... _.....,'_ ,
; ,
t+ ++ ...... -- ,',
_I , ,] + i ' ' %e , , _, +/ , . _+_ +_
': ' ' ' +' -_Pc-+ol+-.me,
+.\'- ...... i. ,,+,, +..
965020 8  -058
I_ suf)_?ort of the correlationteet_ conducted durivg the ??PMS
d_velopment Program, AlRe_earch attempted to reduce the extraneoug
_i_turbauc._. factnrs to a minimum.
B. COMPONENTS
The blood pressure _ystem consists baslcMly of a transducer to
coovert the presgure _Ignale to electrical, an amplifier, a filter, a
data transmission _y_tem, a read-out device. The arterial occluoton
is accomplished by meane of a high pressure g_ gupply, a preesure
regu'tatoi" and bleed rate device, and an occluding cuff. The cuff
pressure le measured by a traneducer Which feed_ m_ electrical signal
to an amplifier and then by meant_ of a transmission link to a read-
out device. The complete _'_tem also incltutes a timer and a cycle
-__ control device. ,
Table 1 ll_ts the major com_onent_ and their prima W m_d[cal
and euglueerIug effect. If the component can actually cause a fal_e
_yStollc cr diastolic re:_[ing, it le termed a medical effect, l_y •
engineeringeffect ls meant whotl_r or not tl_ Component can iuterferv
wftll' the 8yste_/'operation. This table ah_±_ that only the filter and
me cuff
.._pear io b_ cr'.*ical fz m a medicgl _t_dpolut. The other
.... co_p_u_nt_ can malfui:ctton_ but ifreplaced with an equivalent deVtce,
.-the peNormance willbe restored. ,_
,_* . ..I - _ _'
.A { ' :J , ', :;
._" il " _' / .
,y . i/', z -
:/ _ ,_C_4076-R Nev 1
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Effect of C,Jmp,0n_nts and Their Variation
on the
Medical and E'ngmcur!ng Operation
- --Component " Medicai',Effect Pri maryEngineering Effect
t!
_p j
',_._ _ _ . .
, _:Microl_hone (Korotltoff sounds None ' Insufficient signal
, transducer) • strength, noise
Amplifier None (a) Low signal to noise ratio :
, , Insufficient dynamic rang_
':, • for different individuals or
i" , situations "
_, _ Ft|l¢'er ': Bandpass Too ,wide or too narrow
,_ Frequency baadpass ,
,,Oce'!uding 'cuff Width Inadvertent leakage
' Gas _ouree . Nqpe Insufficient volume
PresSure regulaior None Over or under pressure
Cuff pressure transducer , None _' Aecm-acy inadequte :'
• Read-o device None C_dibrat_on off ',
Power ly None Insufficient regulation
' Timer, Cycling motor and cams None Mechantcal/or,ele'ctrical "
_ . failurei, ,'/
h_ : 'ra.e. t_/, rapid a oleed-
MisC. swit'c , controls, etc. /_, •None Failure_, ,.,, .., = t
,' ) .' ( ,I '1
• P , •t ,,*_ ,_ ) " e
.... : it : :;
,)
., .... .: :. .t_,
,, , .... Page _5




Thecuff used. must. be of, a minimU_',l width, otherwise the systoli(:
" ' t' "
and dla.,,tolk valuos, will not correlate with;the accepted indices,. "A
inarrow cuff is highly desirable ironi the standpoint oIComfort ancl
.._ ,:minimum restcictiort of'mobility,, The respoi)sibiiity for the cuff
" _,selection was held by the Space Task Group ,of NASA. ,. Tesisconducled
., by NASA indic.de' that a Cuff approximately 3.75 to 4.5 inehe_ wiil
,Yield acceptable blocJd-pressure values. The NASA cuff is shown in ',':,
i'Figure 1"i'. Th,, notch in the cuff is for ease of arm movemeat, ,<
.+The s_ lected bandpass frequencies Signi "antly fleet the' sy_t.em , -.., ' -'
accura('y, as sho'vm in Figure 1_ The 35 eps, or some otherhal'monlc :,' .... _ ":
,e ¢
is strongly recommended _ being-the best correlate with the convene "'"' i" ,,
., tioiial systolic and diastoli'_":indices .... , ;... "
tl J ' ! .... 'H "
, . , ,, ,f
• , tJ _' . ,
/ '. ' M ,
#',4 '" ': ,/ I , "' ' '
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",' el{+ i'- :_.'; _;_ +._',l_tJn+q_ 'Y ',_I tt._, _ r:.'+"ilt+,_ _, .tn._
t.+ff,"'++++.s ?d'_ ,h_,_ u+_._+_'d i.+_ I_t'+' '2-+ !,_.++.| bel+(_':..
_illt +" ";i;,.,_! _"+' _tl| t_c t.L-lil|JOtlt't_tS +i'_'C [t'_t_Jt+'I'._+,Ltl'U +_.!I.':';+++ , :', ?,t_;.','¢"
+.hal-_re js i,+ +-,.+,(.xpt, t.te,_+l, Tnl't'+' t$ +It) st_la+t,ClC.tt]t v+tii+Ltt:+tltl t+'l xL_. i.lr+tt+:_.++
,+v+r a ttti+._l+_r.tttar+ t'_tl_P+ t-l --_0 :+'<, +-It30P hi'q., llw +,.'cca_,l +'ll+._.z
must L,+ iP+s ++.,hat.a f;" , pc.,." +..+'n'..
Humidit___v
All the +:r:t:. at Etcctront': +.'omponent._ are ell,. apsul:d,'d in a
suitable in_ulatJ(m mate:.'_al which offer prutectton against hun_:,dity+ The
'.mechanical t:ornp,,:lents are relatively insensihv+.,. No s_+gn_ftc.mt ch_n_e
in accuracy as a {traction of humid,+_v h_.s b+_en noted ocer a relative
humidity range irota.3 to 5 .'c.
,:,
TABLE 2 " "Effe(:t .o,f Environmental Factors ou Ot_e._-,_ti,,n ,, :
l '_ .. of the Bloo,_ Pressure Measuring System . ,,
,, Environmental ,Factor Principal .Effect
Exter, nal Pressure Microphone output changPs
"Hum iditT .... None'
'Vtbration - Slight {with mier gphone on
\' arm} .
:' SlightAcoustic Noise .......
++" Temperature '. ;( Sl£ght
•, _:+ ',, , ,
tt
,:: ,, ' , FC-4,376-r_ ,, ii
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doe_ notapveartoaffecthepre__,_rereducer-regulatorval;e. 5cm_ sheet
t_noticedon themicro_:oneitself,The externalimpedancecausedby the
alrIsdlrec_.lyproportionaltotheairdensityand thus_ome effecti_antlc!-
,Pated.Figaroi8 sl_ws e_endaKy themicrop.honeoutputf_rt._-eemicro-




Sincethe35 cps signalisu_edas tL,e Mood pressurecorrelate,theeffect
:'., of 35cp_ Interferenceon microphoneperformancewas ofcor_Iderableinterest.
A _ubJect_ seatedInAIRe_earch'sa-'_iometrlcchamber, instrumented
withth_microphone'and occlt;dlngcuff.and _,ubJectedm _electedfrequencie_
ata specifiedsound intensl_.The uppertraceinFigure19 isa reproduction
, of the data recorded from the teat, A_ expected, the filter favored the 35
cP_ sound and attenuated t.tto_e fr_qu_ncies on either _lde of the band pass
peak., S_n In the lower trace of Figure 1_ Is a reproduction Of the data
fr0m.anadditionaltestinwhichthechamber was exposed_.oR _wept si,ngle'
frequencybaud from wellbelow 35 cp_toa decadeabove. Althoughthe ,
s_ tonoi_er_ttloisnotas gooc!'a_ tntheab_ienc@of35 c_ noise,the
,, bloodpressure_ignaiisstillIntelligible.,
Vibrati#l'
, TI_ ,_eore_ to which',the _yst,,-m will <be affected,by a mlcroph{>ne being
• _ubject/e"_t 0 vibration depend¢ upon the h _nsmttting _edlum. For the case
wl_re_microPhone/I--Isrlgidly mou-.ted,tothevibrating_urface,t_h_ ,
.., _cceleration , _vector.bein_ perpend!cular to th_ diaphr_4_,mface, the seusi-
,, ti,vl_ may 'be observed by z_|ezTtng to F_ure ,_0._ For thh) test both the
micrOPkOUe and a st,'mdard Endevco s_or _re!rlgidlly mounted to • shaker
itabie. "W_t'ls 8tioWn In Figure 20_ the RM_ volt'go output read lug units
_ of both _et_:.rs. Qualitatively, one would predict a reduced effect when the \ "
tra_m!tttn_g medium was! _he flee >bypart of the a_.m, the body acting a,s a
",vibrationdamper.'., ,- f '
• ,' : FC- _, v.
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: In the ceutrifugt _ tests he|d ,_t tht: University of Southern Caltf.rui;_ on July 25-
27, 1961, there was possibly some, effect caused by bone conduction.
G Forces
The effectof acceiecatiunforces oc the blood presaure system was
eva_.uatedby the t nl.versltyof3outhern Californi,_using theircentrifuge.Blood
pressure was measured with the AIResearch system_and compared to catheter
readings. The resultso_ these testsIs l_i,-eni AiResearch Report No. FC-
4094-R _nd summarized in Table J below .andin Flgureq 2!, 22, and 23. Thls
tableindicatesthatthere isa gcner=_l!ys:0As_actorycorrelationbetween the
catheterand AiResearch system up to 2.5 to 3.0 .e.'s.Abc_w.2.5 g"__-there was
a slgnHtcantIncrease in _pparent diastolicpressure measured bv the AIResearch
/
system. However, thisseems to depend on the subiectand the instruu,ent__tlon
techniqueused. This influenceIs shown in Hgure 24, which presertt_a olood
; pressttremeasurement Or,two differentsubjectsunder 8 g's. Or,one subject
,[ good readings w_re obtained,but not on tlm other subjectusing the same tech-
; nlques. ,/These tests .veto conducted at the Avi,_tion M,edicine Acceleration
Laboratory at JohnsvlHe, Pa., ori Septe;vber 23, 19f_1. No definite conclusions
; shouldbe drawn they.on the,effectof _;ccelerationou the system:| :
1 /
; , With regard to the effectsof sustainedor vlbr'ato_,accelerationon the'
I equip/meet, it is known that"they are not pcrma,_ent. Further Information mayf
be f_!iund in AiResearch report FC-iZl4-R, October '_4, 196_., entitled "Quail-
. "[ _ , _ 'W=y ,
ftea_lon Test Report, Blood Pressure Measuring System 54#69 and 54_78,
l Pr¢_|ectMercury."
,l
..I ,,/" '" ]'ABLE 3
f /_ Comp:_.risonof AtResearch System wlth
I' 'Ill
; Catheter under G Forces
/,
; J" Acceleration Systole Diastole
i , .;; (g_) " Mean, Standard Mean Standard
" Dtffer_nee Deviation Difference Deviation
,/
• , ,, c,
,'/' 1 21 pairs of _oints -8.8 mm' 5.4 mm -;t. 4' mm ,4, 6 mm
'1 ' ' ,l' t J,;
" ",:/ 2 8 pairs of points -7. l"mm 12.1 mm ,10. 1 mm 8."8 mm
/ 2.5 8 p_itrs of points ,-10.0 mm 9.3 mm 49.6 mm 13.4 mm
( , 3 10 pairs of points -4. 0 mm 10.7 mm +24. ! mm V. 1 _nm
,,d "
:' _ (t. 5 4 pairs of points +i3.25 m'm ,1.8 mm +4_. 25ram 2.3 mm '::
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D. MISCELLAN EOU_)
" G'_Lb "' Jurce
A decrease iI_ the oxygen supply pressure or:ruts as the supply is
depleted during the rllissit)ll. The pressure reducer-regulator through
its internal, forue baianciotz arrangement effectively charges the cuff
.i
,, to the desired initial pressure irrespective of. the bottle pressure.__. _ _,
Since the gag flows thrrm_, a snlali orifice, there is a slight difference "..
....... y- ......
in forces on the internal 'balancing arrangement as the pressure'decreases.
, This decrease i_ apparently aroused 3 - 5% of the initial 220 real Hg ,
c.uff pressure, and thus falls w_thin the specified tolerance of' _ 10 m.n_ Hg.
._ 'This variation f'or even a highnr one) does not affect the oPeration of the
, system. Neither does the automat[_c cycling of pressure since this morely
c_uuOa rol_tttlvo oec!tmiom of tho mtbJoct'_ a_. , ' i
i
q
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The p_::_iaa! e!fP, _ ,_n , h_ subjetl ddt'im. • norma| nperatiun caa
be exprv'sspdqu,al:rat,ve}_,the c,ml:p.en:sof several observers are
st:n'_.mar_,_'_'C:.:::.hd_,,:..-.'-_'-be:,,';,.
l N,_ .',_f_ Normal arm movom,..nt:="
No discomfort
2 gn._nilatedcuff Nearly norm_l arm wovements
Slight feeling ofencumbrance
3 Inflatedcuff Arm mo,.;ements_ightlyimpa{red
,) and slight discomfort mltm,h:¢,
numb feeling with _everely impaired ,
arm movement Mter sustained usage
,..1 ,_'pi_.al blood Nearly normal arm movements
pressure measuring "Slight discomtort
_.ydle"')":.,a seconds
c-'_¢CIe_
Cj_ Pro_a_' Lapse _e (:Olaf! Rato)
'Blomi pro_ottro Is uot det@c_l betweon pt_ooe_..,_"_roforo ou an?
sl_!_ deflaUou of tl_ cuCf, Oyomllc and diastolic pr_'e can b_ ob_
only la diae_eto lncrom_am, gtvt_j rico m a random oi_ror. Tl_ m_r_am,
p_[bt_ value of' thla orror Io tl_ cuff preflo_t_'O t_cremout bot_ou cou o











wh_re d_ _ _:k_C_"_ .._J_=cuff pressure lapse rate.
dt 3C _ec.
Jt _ec_
ant _T is the u,lse _nterva_o Fc_ m ra_ of _0 bea_s per m_nute,
_T o I second. Hence _P ° I sec. x 6 _.
seco
_P - 6 mmH_.
Body _.ovement
Interference due to body move._ent_ is de_ender,tor.several feelers.
These include the material between the microphone and t._esub._sct'sskin, his
physique, zicroch-.,_.eplacement, the type of movement, et_.
g_perimental evidence indicates tne preferred location for the micro°
phone I_ ._nd._rthe lo'aeredge of the cuff and positioned c_xectly over the.
brachial arter_j. The sc_nds picked up at statiore further under the _._ffor
at stations to either side of the brachial artery tend t_ £ecome imSistinct
relative to those recorded as recommended.
"e
Usin.gan incorrectly positioned microphone one can predict _hst _AII
happen. ,The recorded pulses will appear _ak indicating more gain is required.
The gain _I be increased to the point,where the microphone is sen._itiveto
the slightest disturbance° Fi_nal_y_hen the _aln is Increase_,_.oa lewl which
would permit reco_nitlon of a pulse _ave it will be more easily obscured by
disturbances due tO noise and artlfacts. Correct microphone positioning
should conform,to that shown in Figures 2 and 3, reprodu_d from AiResearch
'_) , '
|' ' ' , ' x ' '
;? Blood p_ssure re_'_Irdin_shave been taken _ith a microphone positioned
i'_,, over a _ubJect,.,overccato Susceptlbility to extraneous disturbance, hoover,,'
:i is increased relative to _cordi_,Tgst_en with the micr0Pho_' te_d to the "
,) , ' x ,
:'_ skln or placed in,the pocket of the occluding _uff. , '
:'. ,, " -_076oR R_,v.1 ';i
.__, ,_, ,:, ,., _ : ,"'






Tl_ot_h the electrouic cLrcuitry t8 deeigned tc bo selective it !e
lncapabte of rejectiug those high lute_l_y compc_en_ of the dlsturbanc_
withln tl_ pas_ band. Poei_ioulng the microphone as It_Icat_ places it
away from the bulk of th_ blcep_ and triceps _nd mlufmlzes the dl_turbances
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BLOOD PRESSURE HEASURING SYSTEN _4803
PROJECT GEH[N!
[ .i r __t£',:_.T iON
]1 pri_)ciple, fiPMS 5480_' is es,scntialiy th_ __d,_" a._ Project Mer.:u,.,
GF._S :_47_t. the composite, elect.ico! oL_tput sigt_al i5 a d-: 5_clr..J_ p_'.':,,_t-
-.'.,._cl t-_ _:_,ff n,inu_ _uit ditfere_,tia! pressure and supt-rimposed i-_t,:._':,i_.t-r.:.
;-._-,-_ ..,Sici: tire rt'_..re_entat:ve Of Korotko _f- sounds.
Br1_.3 54B03 c,_nsI'_t:_ ot :he follow',n9.
PAR1 NAHE A!RESEARCrl PIN NASA DESII:,N& _.i,:',
-_igr_al Conditloner 5_8180 MSC-BPS-SZ_.-_q-[,?.
I_'i Cr :_pho_e 53G ! 78 HS£"- _P 3-_. _ ': - C_ - :.z
] ;_'f i eii o;-, Cot[to: " 5_81b0 HSC-BPS-INr-[,._ - ', _
_-clddin(j Cuff {ire ,
_-,_ Fittinq GFE
" ;r,e ._ign_ _ C:,':,J:_;Oner ,_ a small. :;_ht,-zeig_t m:)ddte des;-_-:ed t,) .-,p,:. -_,
.-,, .t_,_ _ieZ 0 t .p,_ ..iCr.)phOrlt: ___ n_-arly identi(a| ;n °..xl___ri_if- G.._i ,. .s' .'-. : '
'Pr._'Ct Ple_'._,zl'y Mi_.r_,p'._.me 51_513 but d;ffers int_-r-cll!y in t_,.i[ ''. _,.!,_d.:
_,:- 'r'egrel. ;:re-_,;:'p:" _"; _'_. T._,_: ;nflal. ion ¢orltr01. consists ot a q_..,-_.'_° t.,. t,.
;,_(.(i_ v.'.,l._-e_, bleec_ r;l,cc, ._.nd a pneumal_c probe. ]n_-',_:_un _ (_,:"',i'_ - ,:_,
L
u ,_ , r,
k\
_ ,,_. - ....... ;r--_-,-...... - ..... : -"L_ _.,z_:-..__: , _ - _.. ' ._'
1965020181-091
• "%'K_.L t_.iFfH_.i_tATII)N
P,'_,-_" R'.qu;red: -IO volt., D-C 'i'_ ,_t S, ,,m_
i ; ,,,,,,rP T,._du(cr Sc,_|_ F..c_._r lO °_ vO'.t'/_'m_ HQ"in_.t_dina d-c Ar,,pl_fiPr _..
_i ?,_v_.tjre ]Fr,.':rl_duct'r R.!nqP b3 tO -)_0 ";IF' f:c: d _'" ''-",Z "--!
'_. ':_,:r.r,l!Up*:r_,t a_r '"
" _.'r,",'.,U='.: I,.,r_sdu{;t-r H.ancj_" :V_:.th- Plu3 or H;h'_-, i._ .)- J.
".'a._;d;'.';:n,,ut ?_'rn'...In:_qtdamage).
I :',:+-L,'_:_t':_ S,,z:rce Squeeze _t;ih 'AI_ d|t.:f':.,tt"
regula;ted >OUrL(." .,i Ci(:,_ ._r
_- "f de_ ired _
.:_l_O_-tt _ _.,,_,._,,10U_OUE Ir;perJarc_ ' SO00 O_._L _, _a.w;_:U _ d-:. I_O-_J J'.::• _-_ximum a-: (fr_r f-_,iE-eqc,P-,
"t " ," ;,e r_st. _'.i' \.';:'aO. ' _[NF, P_R.INCIPL-F
I 3P._IS5,'-BO_. -,_-p-,._scu,_f :_'ru_ _o;t d;fferent]al ;_:essure ;-.it_ a -:=e',-
-_I -Zi_,_L :rOe' p:es--. _r3n:d.;ce_ ,..'.hic,_ :+_ ,n:egrall, nw:_ur_ted _-,,t.+; _-e _.:_:,.,i
r ._:+,1 ,_._n=--. =,_e" app:-,_priate _igz,al c.o_.ditioP;rq oF tt_e pre+,-_re ,rar,-.o,:rer
i ',_p:,,. _i nu)] Outl).Jl co_re+,._srds to a r+ applied d.t_'r,:+':tial pi,.._._:.;rv ..; ".)
.... ;+..% _p ,ncrc'+.;-._ in the appZ;ed di:.+erential pEa-SuE _. g,_rc-;,_.teK - .3 ,q,++,p,';r-
.;O._,:I ci_=lere,:t;,_! d-c ..olt..':ce outfc,at signal. ,'_n ¢_dtput el 20 ,_',ll,'vo:t_
#-c t!fF¢'reqt;al c.,rre_po_.ds :o 5,-applie] diffe-er,_'-._i pru-.:,u:e ::,T 2_9:'_ ,,_'" H9
_),;p+.-r ,,posed G'- :._"-: ;)re-+s';_ir(" $,9_-_;I are pulse Sigf_al% of -I') tO i_., " -|| _-+;'"
,p... pea k - __'_- pea k. ,,
.,'+ ,_.icrophont _ "+.itl_ a+_, inteqral pEa-amplifier i% e,,_lSlo._,ed l-oF _..Ptt'L:. li,q
i'_" Kc_=.:}tkt_f_ '.'.,t_"d_. Tht" r_icrophone =,ignal is a,nDlit_t.d p,_,<ed lhrouqh 4
'_' _'_.l,:c_iv,: fi!le'. ._nd mixt'd v, ith the pr'e_sure l_',_._sducrt oJtput -=gn.il. l,h(_.),
_) tyf)ic,}l ,e,,,_ll,nq compo-,ite trace as recorded ,an a _,:ncjle-channel d=rP.cr-
! wr,',i;q o_cil=og_i,_pr_ app_-,_l% as in F_oure I.
iF
";1 ,, _C._43';,9-_IR "
,, - , p
i' I l,_,+-mo,,j, am-li_a_¢_ _m+-m_i_ 0re_mm Paqe 2 o f
L.
•..+........... ......... " -+ '- -+'"_'.u.-...- .+............. :I_+
1965020181-092
i::,-first and last pul_,s on (.o pr,._.r, .the trac_ ttf | (_i_ he
(), ,,"p_ndir, S :o .h,: _yt, tolic pressure and the" d;asto_ic pre.,t._fe, respecl iv,_ly.
- . lla,.o, o! Si3f, al Conditioner 5.58180 (Refer to F_gures 2 .n.i ._'_
't,nr.,;'t Mi_ r._phor_t" =}..BITB _..,ble terminated ;_ith cor._, t_r i;2 to i,i,,_l
',I"_ ' | I ('mq,P f Cf:*nllf-*C[,Ji J,_.
.._ndit :,_:_er C'.an,lt-(tOr P3,
A_lh',_ _;ain _ontrol pot:.:nti,Jmeter R37 tO appro._;,',ot_-Iy m;d _,_nr]e ,,r
;: .... ,,;_,:_sl ¢ d_:tt_.re-ir:ed op_ imum posit ion.
:o,_,,ect the !116 inch ],D. r,>bber _ose teed irom the _:,cc_'jdln:: cu(f n," ,.
tn the 0 080 inch 0.O. tube pro_rud.ing from the end of t{_:E• si_j,,c_l con,:it;,:,'_'r,
NO ref_J_ence prc_..u-e line i_ requireo aS the pr_:ssure tran_,duccr ;_ v(,nt*.d
to _he J_:,i,;e,_t pr,_'ssu'P adjacent to the signal cond;.'.ioner o [arc' .,hu. ld ;.t.
L,sk_n tO ins_Jrv that the *,ral,-.uucer vent on the face of the siena! o.}nd,ti_,,_-':
.'"_J-'.obsl:ruc.tt d ,,
__,-L..__:a;.l?.tionO f CccludTn_ (uf| ;.r,,FE'_and MiccO-Ophone 55_J17_
\
:\ I-_'_-:ati ,.t--_ }_,ccludir;_ cuff _n thc- ;_u,,_ct = upper le r: ,_,,':, cl,.=s(- ,) the\
'_ \ ' ".--)'j.:,.;[r,_EFt t-.c pneu,-'at:.c p_t,:ei atl.ached to the .':_eof th'_ c,aff ='.)_.{:"r t,-.
,\
r ''_" ,=];t "'_.,:',._ '_r[ _'. F.)r "_.Ore dt'tE',_.iz'dinl._:r_at i _:'0(_ in,,,_ll-,' .,,-_ -,* I_,"
\\
• .;,.():.e,-; 9 cuff and (or re|atlv'e p|a(.._Y_'_t ot the ,-,.,C:;0phonc, r,'_.-.- _o P _ '::
',i'i.r- c24"-_R :n_'u.Aed it, tni-_ r,-po,'t a, Appendix 'A. T,_.:_t_;t,:_i3,::_-.,.._r.,_d+-..
'_ p:,_,,: iu_.h'rhar.'l i- directti, o+e,- th,: l_rach'.aI +,fiery. C++r'..-,. ,_Ic t:,
:i_" i._- • ;.() il_b,_,, _ th('_t t.I;C _,;cropS,me diapnraqm i_ f-_c:!;':_ the ,r_.',(
\ ,A
"_!1".,,'_! l,,_t ion :)f Inf la" i.:n Coqti_l 33_|86 \
/\,_
,, ,the" poeuq_tlC pFoF,(." e,_,d O| the inf, lation o'_ntl'Ol n._ed_"_nly ;o be" i,'s_',t,_f
-in, t::_: -uit littinq +G_ :,_ tO com'i_lete the instal,iation ot In(" qF'MS
_I,'_"i,,,,'_93of BI.)t'_dPr,:ssuri'_ ,,
_., , '\\ ,
-,: ' It is a_.med thf,! ;,ll'as:_c;_tC_l =,ystem_ ,,suchVas _.elemetry gr,)und
'1 .,l,._l ;.ot_ tecc_rder , and d c power ,._uppl ,_cs, _.re operati_ve. TO q4T,ne,_at,. ,_, l)l,, _d
'-', ,'.''',' ,,, p_,', _._," ,Pc.;r3;nC]. lhO ,_tronaut is _equ{r_d t¢_ in;lati- .)_.cl:idin,, I ct=rf.,
_t" ,_'_ 4_l_t_,e._t';,,=_ " ' ,,,
. '._ . -_,-_,_-_._ ..... ,-_._,==_,___ _., - ,
_, ,'_. -.', , , . , , ,_ -- ................. _:__ -_ _ .
-'---_T-'-_-_._":_ -- ".. "_-_." - - -_t_ "_.._L._., -_ _, _ :, _. ,. u.......... , ' , , , . , .. "'_
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' .r_fl._;e the c,,ff. Dla-c the thu,,d) over the ho!_ in _he valv;) hudy ,)f Lh,'
_.,.,.u,_l |ntlator ,_r:d sque,_ze th_ bulb _everal I:,imes (L._ith pr._ctic*', the ._.mt',e-
.,_, _q,_,'_'a_:5 r,:q_iHd to rcbch thL" desired pres_ute _,ill be det,,rmined_, lu
d, tl..t,, tht, 'cuff (thP period whc'r_ .t Iood pressure, is ;_ctuJlly detprni'irtud .
\
( -. r.,ply i(:rr_;vCthe thumb fr?J.llthe' ,.:,lvc"body. A dtfl,lli ,:: "ale ,L,3u._in; i',r=-
_ : ..... • .u,',: to ,i_op from 250 mm Hg tu 50 rr_1 14g in a mi,xi_n.._f _0 _ec.:,n,J_ i-..
•_.;l t', exter:d lhr* _:in.e ur vice-ve_',a. :n;5 will _I.5o -=Ife_.l the nu,:Lf_, "- ,.,
=- 5r_u*-t'.o_ requ;'red for a q,'v::r_ (dff _ressure. ]l _.',ou_d be r_ol_d lh_It the
_!_ ch._nq," i,; a,nble'qt p'-essu,e with iacceased altitude ,.vtll cause th,_. d_flal ,on. iT",: I ; be in-r_--._:d'. ,,'For e_'ample, a deflat;o, _ _;;._--_ of _0 ci,<'cund _. ,_I. se_' .
I ' :,'.,'I c',,respond_ to _ d_.'tlPt!,._;;tiF.if:._f approximately _JO Reconds at 2/,bOO
[ Du, iqc d("_ !ati'on o. _ l.h_: cuff p.:e;,._,re watch the'rcadoulz ,nstru_nent t,,>r
; api'",._r._,_ce ..._F l;;]scs (Refer r.o F;qure I x If mictopho,_e placement ;s sail3;
.,la,-tar_, a traim of pulses, will be ohl:ained during _,'%e pressure dv_.ay. P,_Ise
_' \ d,_,pl:t.;_e should be f_,__._. I0 to 15 millivolts peak-to i-dk Wi:h the excepEj,:)n.
'.'," '_, , :_" 'h_ • _irst _'d last, p_lse_.,'w:"ic _, ,._.v bt: of r_duced ._:Ol_.tod_. !I: the
:¢ '_
_' ',, ':,,,|_,e_ .}re present .hc, l '.._e a.mp,lituoc is toy:. microphone place:,,ent shouio r)_-
\',
,_h.,'ke/. -_nd st'cond!v, t,-,_"_gai,_cantro! adiusted..:,s rece_sary. If rE# pul_es.
[i _ ,-_;,.,.:.. ",:rmal l:,,Jt the re_._aind_-= of the trace 'exhlblt_ noticeable .,o=-.'e, i, ;_
i ....... .*t_c that '_., H-;,_ cO',:.-)I he ,'E-adjusted to a ;,y,.e- _alJe. in .¢,._era,..
: :t _,_. !,. c_p_,:'c'd tt-.,._ _ne, necd for cj_ih adj.usL_ent ;..,,.It be ir_r_4ue,,t v_'-e_; ,.
,d V _ '
| _.,;,_'p_;, t _I wi it; p, C'_Vi-3U', ..S'_ stem. _,.
Re,-ch testin.,_.,ar_d..ty, picai checkout' pror..e,,dur_,:, th',.,, ,:,iqnt be. FOllOwed .,
a'e i)-Psenicd ':',App'-_ndix B. ," "
,j
{' ' u
" W Kay,,er ' - '"
_.., _ ,: ,,'i, flight O'a'ta and clec.tro'_ic , .
i" ' " '" _ 'l_'t erosH h •, _, ,, ,
,' 'tl tl
. ,,:' ,;:11 . . '=
- *' Y • u
'_,,?,,_proved b'). J. S. 'GOuld ," ,..""
_, v, L, • ,
,,Approved by:" .%. We_tdlan "_ _"'
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Connect plu% and minu% I0 volt.. :' pt'r,_':nt arid po:,..-t %t;t)pt,_ -+o.m_on t_, B
the indicated po_t's or, the. ha(.k ,,! the control p_nel.
Connect r_'adout device (re:.ord_.r, VI'VM. etc.) wit_l 3")t)K ,,r qreat,:r ,1put(
iml_dancc to n, qput post_ on the back at the control p,)n,..I, (CA_JT[¢)I_: ,0"
:; NOr USE SINGLE-ENDED EQUIPHENTo:
"'. Connect A-C VTVM or oscilloscope to A-C T_t-Poir:t o,JIpJt.
!. ,Connect aud;o o_.citlator to _;crophone slmul_tl,__n _nput.
Place power s_Ltch t_ "'ON" pos;tion.'
Callbr_te rea'dout oevice electrically (see calibration sect_o,l_.
:-. Pr,eparation o! Occludinq Cuff (GF[.,._' and MicroL)h.one '5._817B "
";. Install the occluding cuff on the subject's upper left arr._, close to
• the elbow. Insert the m_eumatic probe attache-d to the end or the .-jff hos'e
,_ :nto, the suit, f_tting (dFE'_,. "For more deta;!ed information u,, :q'-tal,_'t.on .,
i Of the' occluding cuf.f,and for relative placement of the micr_p!'.,ne. ,reff-r to '.
;i Appendix A. The microphone should-be placed s_ch that it. i_ 'J,,-Uct iV'_ Over
_' the hrac6'ial artet'y. Care sho,91d he taken to insure ,th._t, th.. _pi_i!)_ '
_, diaphragm is',Cac=q(], the arm.,, ,, \
q '-, " ' P_e.parationLof"[nFlat_on Control '_.3_186 _, "' "
'_ "" The pneumatic probe end of the ihfiattoo control needs' on,!; ,to be i_-
_,r_ '_ 'sert*e:d"in the'"sult fitting (GFE _,'to complete the prepar'ation of',the BPHS. '- "'
. ',,_,Reco'r,dlngot Blood Pressure ,, ' .... ,_,
l I _' " , , 1-'
.s •
•I It 'i_ assumed .that all ass,oclated, sy_tems,_,',,suc_,, , as..,.;,,lhe re,, r(,; _ '_, '....
it graph and d-c_,'power suppiies are'operative _!',To"ge_rate a blood .pr_-ssure.,r¢ ..... _ ._
" ); _ ¢,
'_'- cording, infla, te ,the o,cc_!ud!ng cuff by-'p,l_acing tl_e- tht,_ ove_ ',the hole _' the ,., , ,,
_' '.... valve,,,body 'of the Ha,,n%al Ihflalor _nd' squeezing the b,ulb se,v,era ti_;_ (-_,-,.;th -"'- .
_.' . , . , .... , _;'
,1
"! pratt ice, -'the _nunlber of, squeezes °requi-r_d' t<)*-r-each the _,.'_sil_rd pressur'e v,_'_1 I " ._, '.:',
,- , be determined); "In de_flate'r_,h,cuff ('t,h rind '_A1en_}I_ d nrc-,so_-e is actu- , ' _'._,.,,,;'
_al_'ly u _' 's'iml_'l,_-' remo_..L.':the' ,t_'_ from .the I val,_- _b i;-___ '., determine _, mb O;_y_' i,,'i;..
u "
,
j , V ,
F_k _
I_ , ,.... "_ 'i ,,. I',, " ',: " ,..,' ,, ", " ,, ','_ _'.,"'
_' _ ,, - i ' ' " " -'._, ,. '.' ,,:,
B,"
_. '" " .-'_.."1 _ ,l_-_u_,,_._c_s_,_':,_ :,".. _ " '-" -. FC-4'359-MR , ,_,._,/,/,."" "''
'" - _'...... .,- . .. .,,,-,......... '_o " ' P,,qe 2 ot: 16' - .;.....
, _-'.. _- , . , , . .... _, '.L._ , . ,_ , ,, . ,.',.
I
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tA deflation rate c._using tl-_ pressure to dro'p l_rom 250 n_n H9 to 50 mm H_
,: in approximately 30 seconds i_ suggested. Some control over this t lm_ can b_
exercised by Inosenlng the cuff to extend the tin_ or vice-versa. Dur incj
deflation of the cuff pres_,ure watch the readout insti'ument for appe.Jr_.ce of
pui,_es'; (Ref_,f t() Figc-re I of ba'_ic report.) If microphone plac¢_nx,.! i_
, i
_,atisfac(ory, a ird_q of'pul_e._ will bu ob3ained durinrj the pre_stjre d('c,-)y-
Pulse _mp!,itud_" _.hould F,e from tO to 15 milltvc_it_.'pe_k-to-pe_k _lth _il_.
exception of the' flr'st and, la_,t pule.e3 r v_ich :nay be, of reduced ampli'tudn.
If the ,,pulses are'_present but the ampi'tude is |ow, microphone p,lacemefH
should b_"checked, and secondly, the gain conL_'o'l' adjusted as nec_s'._aly. If"
,the pulses ._pp_ar norm41 but the remainder o'f th_ trace exhibits noticeable
ng.ise, _t i_ reco,_m_nded tha_ the gain control be readjusted to _ Io_er v._lue.
in, general, it may be expected that the need for gain acIju_tment will beIt
infrequent _hen compared with previou _, sys_s.
,,Sy...tem '0perat icon _li thou! a $ubiect
.' "] . .Sometimes, ei_.her for reasons of ,ca'l;bration or system checkouto ;t _
'- desirable to operate the BPMS ",vithout occluding the,arm or other extremit Y
ot a subject. Since it is 'qot a recommended practice to'pressurize a_ u. o
, ,, rcstraine"cl occl_,dincj cuff,, th_ cuff 'should be placed around a _od m_ndrvlk _1 d
"" " ,_'Dproximate'ly 3_5 ince_e': 'i'n d;a._:eLer., i f it is desired to'alsD 'check t_,c,
' pu|se',chann(.:l at th;s time, one-' >f t_vo meth ds :may be e,:_pl_y'ed.., The ;_ic_,J-
_, pl20_e ,_ay be r_.-,-_'ved fr"_.,?l under;:eath the oc_,:ludi'r,_ c_afi a,_d :S.laced _.vc, t_;e
'i ..p(Ift of a sou_ cje.nerat.or'. " 'A' _ouqd pres_'ure i_pa'cte.d, .to the di_,;,p._.r.,£],,.._,f
the microph,,an(', of 72 dyne_Ic,,_ i _ i I ['.'3 db relat i.ve' •t-o'O,O00_ dyr._c_'''- s,',.f_.'_" ,::_ ,,
..... 3b"cps'is recon_ended. Alternatively, Plug p2: ol'_.l_/'M_::cr,.gp_'_e"_,_:'-y l,e di .-
.: connected f_on0, J2'o( _''the,,_si'_qnal ,conditioner _nd.a_/alternate p_cl from the
'_' .cof_trol panel may be _.,dbstltuted in its ,place. ,,,With t}le use of a_'_,ddio
",.._ ., ,oscillator.._'-'_,_i,cropl_one si,r_u]ator c'ircult l_rovided in th'i_,control p_;_el i_
, ... ,.no_:_ ,__c_ivaleg. F._r. m_vre d.etai'lecl information, refer, tQ_.-_-C-_l_ler,c.y _e'_p'o_se
..;;,,.,.<'_ " ' Che_i_out ,._?,.r ;_i'i_aI. Coildi.t loner 5_,,fl-180. __f"_- .. - ,. ,, _, ,'-'.:.. .. " , , _ -. .._.
v ,,'L _' _,_' " <
_t_ ;_ _,'. ' ' ' ,'_ _' ' \\ - . ' . , 'u . :_ . ' " " ,_ /I
_'_'" _ X_ ' _' '' " '-\_ ' _ _' ' _'_ "X
.... ...... " o \ ,. . ,,,, .... ,.
_._'_.. x_.. .' i_,,m_ll_ll__l_Tuml_m_ ...... , _ . ' .;:e_,_ ,_
_/__." . . ;. , . , '_" , ..... ,. •\. :' , .. . ,
, ,. - ._,_ _ ._.... !=-_ .................. _.._ ._. , _ _ -. .... __.... ,.,__ .... .







i; CAL I BRAT_ON
[n' the following textp calibration 5ci_.¢:_s have been caleqorized ,]'.
;ol Iow_ :
a. _ec_rdin_ Equipment Calibration
b. Pt;eun_tic Calibration o! Siqna -_ Conditioner "
i
'iRecording Lquipme;lt Caltbratlon': describes special te,jtures Incorporeted
into the Contro'l Panel to fa'cilitate adiustment of laboratory r_cordlno 'eqd;p-/
,, merit. "Pncumati,( Calibration" is required only ,.'f t_le integrity of the 5!._nal
Cond'itlor_Jr circuitry Lalibration is _uspected or if" a check of the intec//al
,, _ ,i
o ipressure tran_d_Jc_r i_ desir_,d I
Recordinq _Equipmert Calibration .]
:_ " The compo,,ite outpt_t sig)_al from Control 'Panel 5S8292 is' a,true di_'/_r-
; crtial signal and ib balanced '.with respect to ground'(both' leads may be '/several. ' . o I,i
volts be|or, qround po'tential).-. Grouodlnq of either output lead will nO_/ damage. .,
4 - .,. .' 'L
the BPRS) bt;'t ,may damage the r_adout equipment a5 this could re, suit in"_n, out-
";i'4"' put signori of several volts O'-[.:. In the e_,lsui'ng discos._io); _, slgna'l v_'/Itages ",
• ' i ..... /
• ' referred " " _ te;,"inal.', ' 'are to the'"O,utput,, low" ,' ,. _/
'_' The "FunctiOn" x_.itch [Ficj'ure 1 ' S_.it',,ch $2) on the cont_,ol panel,i_onne(.t_ "
' " ' i , ', ;, ' . . " '
t(" s_gr, al ou':'_ut of ,,
_ the output terminals of the ¢onltrol panell 'to th_ compos=
!I the ' igoal,conditlone,,,[_power s;'r)pply.,, corr_).}n.l' .(O.milIivolts:.output?,, ,°r/!)ne,6r ... ';:
t_._ volta.gt divider', -_1¢_and 20',Im;llivo[t's ,output3. Ih_s permits'-"th_._,ioper,otor
I1_ _
, ' to easily ca'lib)ate thel_readout_.(tquipmen_!-. ' ,, '
d
k _
' I ' :'
'i_. "" ";_', , AS f u_;'ni :h_'d, z_'rot s _gnaI, _orre_porids:!._! to 50.....l_m. Mel-..jry,I0,,, mi I;1 ivol t_i: , .... ,, .,
corr(:'.;pond'., le, |150 nw_ ML_rcurv, _,_d 20 )/,/, _I ivolt,#.:, cor'responds to 25( mm Mercury. '!: ',,; _?• _: , . . ,., ,:
t; 'EXAMPLE:'_ The readout (_l¢lU_pment,rons)st,_ of a r_(;orde_ wh,ch baLI, a,,o_,.,,_e_e,t , , ,|l ,' . ,, _ I " ' , ,, ' ' ,' , " /_ =_ ;' ' ' "
,_ di,ffere'htial input and _e_o adj_.itment_ The-,ten'l/2-c_) malor sca!,e ,d,,,,';_s)oqs,',,., '
_.'_ (b, cm pape,'_ are,to,co_!_,ief_p_nd _;th 5O tO 2_'0 _,ill.ercu_ry;,. .... ' : '!,' /" " ' .... ',,,i '
! ,' 'l '_._t_,"F'_mct_d)}IIt _wit_!.h':"to"O._mv." ACIjUs'_,zero' on rego[,d'}r,.,urW_,.Iper,:" . t ;'.,.
'_I ' / ' '_ " ' - ,/ / I )', '" ' ' ( I 'C ; . ' , "' "" ," ' ) I' " ' " ,, ',
i_ '" ' ,iS _'_ Iov_'r' _i,_[c)e"of, s,,_[_le .t/';) q_rcent t_l r Scale,) .... L II ' " ' , _' '
._, , ' , i_ "', ..... , '__",,' ',' ," I ', ' :I _ ,,,"' ' _ " if ,, '_ " , '"
i! ;' " t,'9 c.,),"_ ",.,"i._l, l _v'f,'ct, t, '"*_ mY-" Adi'ust reo_)rder 'q/)i:!{ u;'rtt_ ')-.rl _'$ • ' '
! ,, d II, t'he ('lO0p,,r ,.nt '" -, ' "
; Vu , ,, , ....... / 1_ 0 J ,
I_ ' ' _ .... :,_ -- -_" '_ "., ,, .v _ ' " _ _
,.,,,,, ,, _,,,,,I . "_, / I/ - ,...... _ , ,....... ,)_ ' " /' " - ' '-; " " // " /" ' ':' . " ','- 7 _/ " - ,, -, '"' ":
j . _ ..//, ", , , ,,': , /! , , , , . ) '_ ,,, ,.', _' ,> -' ,' ' '
_' , "_> .' ' .'-' .',' ,, I , ,'< "/,App_nd_x_ B/'
,:.. " ,.----,I.l_tC.,._lU._'t'_li_Om_l_.. ,,.' '" ',' .,> "...'..'k .. , " '
I0k













I 5. Set "Function" switch to "10 my." Pen should deflect to the center
i
i 'of the ,,cale (:50,..,_ercent full scale). If it does not, re;_at Steps
! .... ' - i through 5.; '
I;' 4. Set "Function" switch to "Operate" and proceed.
i''" Pneumatic Calibration Of, Sifina'l Conditioner I
_.. . A definitive,pneumatic, calibration, can only'be made with an'appropriate
|,_'_,, pressure standard. A'clean mercury Hanon_ter certified to"be accurate to
- approximat61y 0.5 mm HercUry should be used for this purpose. The pressure
[,: standard may be connected 'i,n parallel with the cu'ff , or t_ 'cuff may be re_
I- moved and the presgure standard connected d ifec_,ly t(_,the pressure t'Iransducer.
._.._ The bleed,orifice should"be closed off excei_t when it, is desired to drop 'the
,; pressure, Inflation,may be control'led,by Flanual Inflator 538,186 or an alter-,
"// ,, native clean pt_eumatl¢ source. As the hys'teresis in 'these transducers is so
-.., '!_. small' as to" be' insignificant, calibration may be effected during eith'er
_scend ing or 'descend i ng press_Te. : ' ,.:,,'
f_ ,, The two cr;itcr.ia to be established in pr_euma'tlc ,cal il_r .... '_-_.',,
,,';:. I,, That the output,,voltage vs pressure fu_ct, ion of the transducer is ,
""._'_._,. , : l inear wi thin prescribed tolerances under the prescr,, ibe d .envl ron-
_'_'_:-,i -"1 . ,,',,, mental'tonal,,ions.;": ""
"' ' 2. That the null and scale factor I_tentiometers iq the signal
' "'' conditioner are 'adjusted to ()ptimize"the pressdre tr,ansducer /
I "' ' ?'
,: , , ,. per formance'., ",t '
':'_'"'_",' ' ': " ,, ,, _._ It iS suggested that a' serle._ of pressures at _'0 mm Mercury incrente_ts ,,"
:!_' '_ - be logged' alon 9 with correspqpdin 0 output voltaae% and the_ be pFotted q_
,.. , , crosS,_sectlon,,paper (Figure 2)'." Linearlty n_y then be judged visuallyl
!' . ,_ ,, .,, ',,,_,,.L', ,, ",,. '.." " , _, ,,,,
1
., "', .... "'[f"'line_rity"app,e'ar._-" satisf&ctory:_', but the outpu_ exhibits an excesslve,-_
(
_j4 ,' I/ '_ " "' .... " " _
•":'-.I__,",, ;,. off.s, et...... or _cale':fac.tor, error, it is necessarY/ to readjust-:the:pot_nti'Ome_e_s ,,
_ "establlsh,¢ng the sc_le,factor,_and null _)i'ht. Triml)Ot R38 o_id11_ z_ro- ,
_':.i',,,'_'_ " " ' , ' ,, _:" . -- "_: - " '-'_ " _ - -7
.,,_'_"_t; ,,,: ',i" ,, voltage, ad_a_t,, for 'Pres,_ure,, Transducer _585'14 and has an a'_li'usl_ent,, ranae" ,_/
_' of *-2.5 per£:e_t. Trim_:)t R40 _rovtcles sc_le"fact_>_ odiustm_l_t a='' necessar,, _[/1
"/1"_ _ "
" ' , ,, , ' '; , , ,' , , ,':"-_ _' ,', ' ',tli!l_:,.4L,.:_. .,- .. . ,, '........... :.........
.... } ' _" _ ' " ' ,":' ',, " _ ' , " '_ B _'" _ "
, . , ,,,.... ,,, ,. ,,,'_, ,.., ra_e_ o,__,___
..... " .... --..... , ...... " " ' ....
__]_'._.,,_ -,--..,;"L.'.,-___-_._:_-?.__...:=_ :. ,.=,,_._,L.,... .:'.:-..... _,'..... _L.Z' .._-_,,_.... .__ -"_" '"' ' " ,'""" "S'.. '",_-' ',,
I
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• ' "/.. - ..... .iI
I
i
/ ' ; ,
The, recommended p'rocedure for adjustment of the null and sc,)l'e fa_.to,
i " potentiometer_ affe(_ting Pres:ure Tranf/ducp, r 538314 is as follows:
I. Pressut ize to 5q _ H9. i,
2. Adju,,t R.58 LO q+ive ,') mY output'(See note following this paraqr'aph).
' 5. Pres'_urize to 250 'n_ Hg.
q
_! 4, _dju.',t R40 to qiv_ 2e,,mv Output (See note followinrj thi> par+,.qr,_ph _i
: b. Drop pre::,'>tire to 50 ,_r_ Hg end check outl_ut, if 'it 'i'_ still o,ltc=deI
li , tol_ranc+c_ rdpeat steps 2 throt, gh 5.
'_ NO[E: The valu¢:_ given _hovt: aec ideal end point_ ,_suming a lir:_ar "\
| ,_ II ,,
o til-a_ducer output, in practice', it is norm=_lly found thnt these 7/
1_o;nt': +4re purpc,,ely offset to compensate for tolerance buildup
|" ,/ in other.parts'of the pressure range due to either nol,-iln_.arity ""
.... ) or ;_:mperature ef|ect+,. For the amoun| of offseL required at
'
-_ roo,,l t+'mperat'ure, ruFer to th_ da('a sheet accompanying the
,+
"!i signal condi t ioner.
" / I " ' "' ' • :'
_" SYSTEM PERFORMANCE CHECKOUI I ,
' ;_ _ ' The follo_ving procedures whe,P executed ,;n addition to the calibration
procedure_:previou_t de.,cribed will proyld_ a cqmprehensive checkout of the,•!_ , . Y ,,
prrl.)rmanc(, d,;pabilitie., of the BPHS u'ndergoin 9 te_,t. Th# procedure_ desc_ ib_-d
d
"_ .:,re ba_ed on the prr.)ccdure_, utilized durin 9 the manbfac+tdre and ao':eptanc, ,
1,. ,,.,,t ir,g .,f th+: eP_S.. , ,,,.
' ':' ,'?F "
;"" ' _ency'Response Checkout of .Si,qnal Conditioner 558,180 ' ' ' ..... ..:" "
..... _t i_. fir.st 'n('ce__'sary t.o-e'__.'lab_ish:that .the center frequency Eorre_,p,'),_l+. ....
:. +, ";'_' t,o a level o'! z.cro'db at "Pifl 5 d_,'P3 on t'he,O.._ v;olt"r_kqg"e o'f the' VH. .lu .... ,,, "
" (oi I : "J{ _ do' ,thlS. proceed a._, ,,
• ' ' ' ' ' n ' ,. ,;
"i. "J ',
" _, Co_nect" at,. audio osc;llator t,o the m_cr_ph,me _mu;_a_,ion inpt_¢.. _n,,Cu.1 _,,t.: ,
"_ " ,_p_nclk"538292'+ ,..S_'t it a! _6 cp'.. If tfif,, di,a,I _:librati_m un,..th_. ,__,:;kl,+',',u, ;_, I! _
° ,,k,,.:,'< in d'i_ubt b.y more than i)m'.Cyt l'e,', a counter _i'_ould h_,"'u_,_d , to r,*',_.d_ tl,';:.....
. . ,,, it
•_., ,,,_ ', _, ,,, ,,_., ' ..,,, ,. , , ,._,; " ,, , -,
,, m_,_i't"|at_r' fr,_quen<y. ,,., " , . ,\_ ,, ..
', ,, ,.. ' ,. - , :, ,,,7 '.' ,.- .,"- .... ,: ..i
,,. S_'.'t'"{';_._,'.-.+Sx _pOint selector swit'_ to,il;_sition ';'0. ,. d t the I .,--4.i li,_!.or , -"
. c. _!_\ ,. +' l: , ' 0 ;'_ k:{
'"' :],,_pl'i t ude unt _'1 ! t_,+ VTVM _._, t'h,: ,_-_,' t.esJ _O i'n out._ut 'i a'_ck', '.i r_di c_',I _.'_ _ "
'.'appro_imatl.e'ly ,->r_ miil;vSIt " Ch,_nq'e 'ti,e _/'TVH_'t,_ _1_, l..'v_._'tt r,mqu:., " , .'_
,',_ .... ." ," v . .... . ..... ., .,,. , . ._: ,.,
"t_.' ' • F_ ,, , ' ,. " ,," ' ' :r , ...." ,, ,.-,.,,., , , i._ppem_x, I_ ..': .... (; .
?' ,, ' ,," .,I _:#-._--::'__',J" ' i_,l_.#,C_#_ , , :,, _" ,,, ,;. " '. ., ,, _. ,,
; " ,_,'......'.- ',./ " '_{': ':.:" _,"' .t, ' , " .lh}g_", ,t _,-, ,






"]:' Co,+nect th, + VTVPI Io the Fi+'e_i.+0"n-y R_++,pons+• T_'_t .t.+, k _P+"i:_v'+,'c_- :'",+:';'" I_
;,nd '-c-+n the D_t+.i;|,jtOl tr,+_qUt'r'.C'y b,'+tm'?_ +0 and 40 cp'. ,tr_+_il "h,; , +',.'t',r,
+r+'q,.+Pt+Cy is |oCaL_:<l (maxin++im .olta+q,-_l, hdiust the omcit_.,tor ,olt;,c.' ht.t_!
++h+_+ t;FVH ir, d lcat,:._ db +,4++,t+ th+ 0..'; _olt. ._, ,_. ,_,;,I,+tero _+.t on
lh," _ciliator ++. +,:il] at £,:nt+.'r +re,i+uc;.nCy :,=.4 ad_,+-.' r nt'_;,+',.,+_+y+
_ . ,_ plot of outptj' db-v'; !o. 3 fl+'.tJle,+,-_." +: mr,_+m ,- r;gur<'-3 ,"_+, _-'++++---+
• ++tained h,_ "-,,,ttir.g +he os+.i+!ator +reque_tv to +ih+ v+.luP-.. Cd. 11tt+,tlbl _r+
I F,,,++,-¢ 3. re_.ord;++__ t+'-_ ;nnic,':t-_i db .t:'.lue, a,,d plottir:g: ,t;:_', .... c,7 l.,!+t_'.
{, ,-' /
--jr+ inuic+ted in .£;gure _, a+_d ._re ha_ed u_o_, he ch_ckr+ut b,:;nq Cot'.d,+:cte.¢..
i__,?pPrcture' Tole?er, ce Ch,ec_.':+ut o+" +-_,s.tem 56803
7 . _ , k
++.
l+ _' /_dhe++n.--," to, t emp_.rature tO+-.+¢++n_es may be confi'-:n("- +-._by pl,-+.7:,_0 t_.+_
"-ion_i cond'itio't.6.r:in _ temp'._ralut_ Chamber, _dju.<t;n,_ _'.+ "h_' ._, ,ires!
'+'++ t+-mperature++ _::_d chet+k:,_ t_e t_'+lle+,in 9 i+act_: :
(lIJ Ce_J.+r fre:it_er.cy shal + re.,rai_ v+;tHi'+ to;er;_rn_e _'3+ c_s "_ c;+:+'
• =.
's+ ':' ,-. .(2_ D-C'Outp,,t, "+o'l;+_e vs p+e>sure +hall be +;t';+t_ +oi++r_+.+,ce- t+-.-' +'we,+e,,t)
• +
t_v_. vS fi'eq,._eqc_---_hall remain +_th;'_ tol_.'_+__:: '" r;qur_- _, '-'+- (t-', Outpu.t - ;'
_+ "--- --- ---_r_irE: As pul_. _ amp:if;e_ +eair+ ,'.hart++. =" sumex-,4hat +',,e,+he, t,',;,pr-,.-_t++..-e ..?, _- - • ° • - v
_+ , "raP.ge +., it .ma,y b+ neces'+a,,'y +'_ r-'-e_tabl .:+-+"- z,-rc, db O,.,'.pu +, a:
,, _ '- :' £.'en+'(r tre,l',Jen_'y.+al. _-+_CEt emperat:+.c__;.+ _iood hr_++_f _r+ ._5_--+¢.+-.+'.i _'-,
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APPE_',. l,, C
TFSTIW_ OF MICROPHONE 558178
.SENSTI"TVTTY. _EST
Figure | show_ ',he te_t _etup AiResearch use_, to cI_eck microphone .
'i
perf,,r_._nce. Trope,rant poznt_, to note _re': ....
" I. The microphone under te_t and reference microphone _re located in
close proximizy I0 each other_ to insule eqtial sound pr_sst!re !eve|s.
2 t• ,, A_ oscillos'cope is used to verify that the audio source is deliverla 9 ..:
k
Jl a rea_onab'ly undistortea waveF3.m.
5. The microphone undi_r test is connected to the "'breadboard" signal
condit'ioner for this checkout, and its r.Jtput is monitored or1 a-c
test point No. I. ,', "
N ''
4. The a_dio oscillator is set at 3u cps. '":' '"
?,,
_[t is reco_nmended.4hat the audiolevel be a_justed tn a_proxin_ately .....
72 d)._es/cm 2. Any sound pressure level..f, ror_ IO to I00 dynes/c,l_ 2 may be' u._ed .'
however_ as AiResearch furnishes a graph (Figure 2) with each microphone "
,i
simplifying the reduction of. test data. ':.
The normal plocedure to.follow i_" " -,'
k , ,. , , f
I. Set t.p the ecuipment as sho,_n in Figure 1 ., i.' ,.
/
2. Adjust ,*'he sound pressure to tile desired level "
_.
3. Ch,eck ,_avefor',nc. .:;! ,
4. L 14('_nitortest,pornt | {microp'.kiOne:output).. A._ the _ound pressure ',
.'. l(_e.I ,and t'he,,microphone output are now known, these',_,alues can ..
he.,.emt'eredon a graph s'.,m_'_'ar_'to._he enclosed graph (FiquITe.2 "_ '
L
' tO deter,nitre' :he mlcropho_e sensjtivit"y. ''
";' FRONT TO BACK RATIO TE$:_ ./ "_ : '" --." "'
, .,( . _ , _ , .-..? ., I/:-" ,..,.
.. Tu_, th_ r._icrophoneunder 'te_t ove.r and.r_pe3t the sensitivity test, ,."
-'_!i " The output ._,haT'.l be a mi'rti_um ofT, tQ,'db down t'b n_et 'the.. slx'cifled t,,'leraace ,.,
'I' ,_ . ' ' ' " " . ( .'_ ' _'_I
',,_ . ., , ; .... , , ,,
_, ., (3't,to I _, and _,'_ _s no, malty sq .Yar down as to be u_neasur._ble'_v_,-r, the"
.,.. , __ ., _ i" " ,. ,,_ ..
spec, f,ed (pr_ lev_A ran qe. " ", " '"
%', .., ' ' , _ , _ ' , ,, " _ppef_O1X L ' "- , _
_ ,' _.."_-'I" ' '. ""..... • ' "'-"' '
#l...... , ",.._ '. _"........ . ' ,, ', .,
i' \ "' ;I ,/' - ' ' -' , " , '' - ' /
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-,: $ovez'ol _rg.sd_cer r_r_f_c_urevs t:evece._:oegedoorty I_ 1'9_ :_ a.
fo; _ use en--_e ProJec;L _c-m;_| OP,_. - :
-_ : X_ _os de_oml,e_ tl_t of _he _ies co,_ceed, oaly _-_ pre._tsed
sufli_lent Inteeqsl oN _oblllly to Justify lhe _N of a _air_¢t for _>,
(
%! : - _.
,, _v_.a_"_,cer _-_s del Ivored Oppv_z.t_ely l@._..doys' N; _Or_ o_ tho Sec_M
_] oNd of kN pNl_'ad _ellvo_/ dake (|_'S e,hon 6 _,_lc,_)2...... ' ' ' I' " ' I '
.., , . -- Ca
J :- YhlgJveBovt_- sU._z_vlz_$ (_he _e_ _0 _lch _.he_e. tvon_eevs _eve, sub_ ,,.... .:
- c-,
4 r, O ,_
_ _ iul_ ,aN .a._,l_Ipoi_f_l_oll -_p _I_ _e,be.._ , o ._ o.
; , _el_-"0 _ 'T_A_OU(;_,_IH_Ao_/ ° -' ,. ,." :,."": ,,.. ., _--- _ _'
_,_ - ' . ' ._ '_'" . _ ,, .'., -, -" _._s *-_'" - " ' h ' _ ' ,..' . I_ o i_ ' " '<_
i /,_, TobleI Io o _o_ulo_ip.'__be:_e_t'_N- ond _IguroA Io'O.p,l_.of_ho _,
,'- c. _ ,_' 2_,., ,/ o _ ,, '_ , " ' . _ ' ' ,' J, - " _ _' ,, ' ,, " "
!l,' ' _ _- , : * _" _.,".'.. .- . _ " , .... , - _," "._.;. _ X'_ _ " ,"- "' ' .
_. -_ .... o-" _ "Q'_ o . -', ., _ ' %. \ . , - - _ - -. _. : " , _ _ ,_ ' , ,o ,o ,., j.. _- -, • '__,._ & ,.- -,....'': ' ,"o-," \_i,'..... "_' ,.'" :""'_ ,> " -_ * - --',
,-. .. " - ,_ _I--_, _ .._ ., - v - .,;_.- , .... . , _,.,. o - ,.... ...
_L,'.::0_-_ ...... o,.,,.-"-.:;--' ...:"" : -_.L,-_"_,_-"_:'S",,'_,:-"_ "_))..-_,;'FC_0_R'-" "_L_. ;--." '.
:....._ ....... _ ,. .: ,_., ......_.....,,__, ,.-. _,_:,_,_ ..... .,
"'/_" _'::_ ",:':_,----,.-L-". "&' _° _ ........." ' - _o, '_" - ,, o " , "' _. -_ ,_T ..... ._",_' '. " " -
-_ ,_, _. .,. , .,. _. _ .,. ./ - _ "._. . - __. _,--_.,,, , _ _ ,,, ,,-,_ : _ _,, , - _. _ _ -_ _ _,'_._-c,_w _ _,....{







l_/9_ere_ls o.d !Inoor|f_y ore _ell wl_hJ* the s_elfled _:@Iorone_s, ond
]*_ f_rNer _e_:la_ Is ._e_ _urr_el,/ plenned for ehls unit.
Tr,spectl._ of Yo_ie I'_ rono t _h,'_9_h"l_; sfi_'_,a_hQt there Is. o sll_h_
_._+._ far,or_r_'or_h_ th_l_ eo, on.ghe o_her.,m_n_. Xt Is _ll}hln_h_ _pe¢Ifled
4_
- _ _ daci.d_ et_0t the error due _ _'_I. sen_Itivi_y o_ O°F._l
_/_-i"-"" ' (" rc_uSrc_ only f_z_"I_°_tIo II$°_. I_¢i_-I$O_ IG sI_ o_,er_r o_ oppro_l =
_"-'_-':'-. .,, _ .the l_ron__d_r ret_r_1: _o gOeF. [_n$ 19 o_l 20 g_ aa afar of only
'" e -infJ'.'i ..... '-' " "o
_._,_.- . , . ,_,,,
+_"_IL - % ' - ' '_ ," :_'" -
!",_" '- ':- oI_JP._IR'"_" _,,_292__ .,- .+ ".":.' :. _ .:.+
"'_._.-'_' - - . '_'_ .'_'_ . i_" _'-%_ -," ,= -_- ." '--0 "-_ _ ,*_ _ ' _, ' - ' "_ '.o" ' " , "'-
z_.._.... _ _ ..US__IIfor _I_}r _,. ,..._he._nlI eorli.I_._p_.r_ti_ the l_ti_rr_ _r_ ,;:
_ 'd-._:_ .- _u,_° _,C, " . _ '_. '_," ,."'/_ '_,_" Y ' _ .',• % ' -".," - _ ", " *_ - _ ,-
_..._-,,'.--..+ ,_ _ :'I_Um_I--_!_b_:tii_ result _f altKe_ .(d')_ansducer _ll -._l,_I_,or .(2)oo -
',.-.o_:_-_-.. ,- , _. • _ _ .-. . :..... .. . , ,,
• .:.',.,,,_.:.,. _ _ , +: . . _. ..,_.. .'.- , _- ......... -. ,._ . '/
_,_,..,. -... ,.._; _.,_..,_.. _. _ , . ,'_. ......... . ,. ._ , -_ . .. , . - ., %_ _ - _, _..







{,. ro_Ivl_ l_or ,_/ _:he Fluke v_,l_l_er, Xt Is bellov_d tl_t.t_ r_sdl_g_ "
_-. obtollto_1 v, ll_h tho' Xd_l Aet'o_le.h o_ ICI oro _u_-h nbre rolloble. Ao con '
'; tie _teelt_ 1 lno_irltv old ,llyiii:eresllt {l_o t_oth el_ceI. I._tf:o
_, lf_ec_io, etr ,Toltle 3 _ili ;t_._ thst thot'_ i_ 0 high delw_e of t.gteblllty
_ in' i:lll_ I:r_nfldl_cer. [tting I tllrl)_lgh 17 _Jre iEllle _tti_ttlt;, the {t011 ttsIott_e it_t
_, _'l_dle_t_l _/n FleUre 3, honCo _li_ tltffsel: 811 _-C_l lt_ p_'etl$1tlre. 1_j,*ese-rt_ldo
£
,', GOOF (l_un_ $ I_hr_@_ 9), (2) A l_!lo dogr_o Of Insl_obllily (fiuns 1_ 2, _r_l 3)
I
_- e_ls_s _lch Is errstlc n.,Id unpr_llct@_lo. TetOI t_ereture _rro_ fr_ _t3e' "
_0 II_IOl _ !_ opproillet_toly tl.5 PelrCetllt_,([lult_ lit thlt'_.iti}h _i).
_ , l[ll _u_:_rl/_ It:,_!:)s do_ei_lined thfit th_ _r_l,j iie_l_O_n_e'._f _hl_ :_' ,,
•_; Yendor :", " _ls llt_cted _d _ttl_ _ro _I th_ perfoi_lit_e as _te<l o" ,,
" "' ,'. here'. Th W proBilc<l_,l_o shlp" _"_ _r_nJ_lucer; to llllese.!'©h, o_ no ,( ....
-_ - '. "+'_ idd!.tle_l colt 'by. S_llte_t_r 17. This dcite ues loter _eVl_e¢ go lictober 3.
i; . . :-. _!.e, '!roilsducers<ore tO d_Ir_le,,th_t V_iidor I; he_ detetlli_ _._i .... , -' ,,,
I.- _ledo . - , ' ,: * ' ,,, ", " , -,, - , ,.
_' '"" " It II " ' -< ...... '" ' " '"' " '., ,,,"
_ ,:' llelldor C_. olso _e AIResettl>_h f_h.e,._l_l'en of pulci_ll_ll--_n_ ,;4 "
]<-' " -,<"'>.;@_iu_ilerl ._roilodllcerll_ _lllcK uli i _l_t 011 '_ltecl_ic_tloas, ot ll_..pritductlil_ ,s
4 '/ " prices, _hls o_tlon _y be: elercls_l If "_he"_ <_-_ducert _hipped Gctilli_ll "
,, 3 ei'fet_i t!otlltolt@r,l I . - : _ o ,... , ,,
tl
-' " '. Fl_.i_ 1_°sl_. t.l_ lo_t ¢l_lhll._'iU_l_dfir thit" tra_0du¢cir°_8i_'_t(lol!. ;o <, ,,*' -,,
• _ - _ ,, _'-_y . - _ '
_-o" ' "Fig e 2. °'1! _l_zld _..ilOt_d "tt_,&, thoil_tla_, ._ ! 's ted ....." :'> ",.:-..,,,_
', , ,. <o.<=__-__, t at,i___,,,ldrtO_ a_ ....... ., .... ;. <.
I-- '. " 7_#ter--_hm_lQii _ 'ih_ie" data a."_r}_remdt_,;for-:ll/ti,,,tt9l}_ _..ht_i 'will - ,
'.'., ', _\_Ilie, r(_l_, t_d hole, . .... - ,. ,- <. '_>. - ',- _ ......... .
_;l-; . _ ,___ .-. --. , .,. , . _ . - , _ "_',:_,,, _. .- ;,. ,, ,, .- i ._ , u " • .. _:: . . ,_,: v ,
:t '" ',> .... ' "- ,, ,, "'_ ,' "-- -" '" ' -' "* " ,...... " <, ,llCl_ttlt ." ,, ' :' -
l :_-J '.." "-" " ,_, "" - "u _'" ,.... ,, ' ,_, It ..... _' "" "-t,." " 't_ ,' " _'_- -" t,.- " " o/: _<'c->t' {' - >




, ,/ ' ,
i',, A repor'_oe _heperferr_nce_f the _oP_hc_l_gPenner_'C"t_o_sducersL: 7 ,;+ _ll,!--be lt;¢ludM os am 'oppoadlx to thls repp;r¢ as so_m as +he +_aluoelon Is
+'<' ' c,_let_l.
(jr . ,_ ,, , , ,,
I :' ,I
, . ., .y _ _'(_ o -
_, ,; ;i " - C. lloysdr - '
i..'-_',,. " 2' 9_t°ft ."
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" DUAL PURPOSE _4ANUAL I_FLA'TOP
' S38186=..2°i
". ,,
' /-"i' :" TI_OOUCTIo_ _;
. '¢..... ', In, this ."eport the work, o. the Dev,eiopment and Test Prog'ram ..for the
• : ' " ,. , , AIResearch _,at., Purpose t_a'nual,, I'nfl'ator,:fo,r Project. Gemin| is pr_, --
:, ' seated. This work Is in c¢_l lance to, requirements Of 'Change Notice
"' : No. l, 'COntract E!o. H.,1$_|i89;, ¢ontract'or Re,ference, Number HQFG[),,0728-
:"_" ' ' 070_'. dee.ed October |5, ,|9_3 (a_mendment tO "statement of E/ork for a/' , ,
:, ":"' Blood,PressUre Heasurlng System for Project'.Gem|hi").'
: " ,.." .2,j COHP_)N_HT EVALUAT ION : . "
-:; 2.1.: '" Th,_ cOmponent .evaluation covered the-three major componen,ts'. -the"'
:. o '...... ""_ .... -,ra-J-cuumsqueeze bulb and the t_ check v_lves _one each for the, ' ..... Inlet
;.:' 2,2 .... A ,-_--'h°.r°uqh search of the ;n_lu_ry was made to Jocate and obtain
"_ " 'sai_plss of various a'val_able squeeze, bulbs. Six dlf_er'ent bulbs _ere,
_- obtglned and tested" for vacuum capab,i|,ity,. The"'results are shmm, in| V ' 0 I ' - :, " "
_: ' "' _Ta_ld i. Bulb _ is the present"one being suppl led as: part of th_ ,.
L'_' ,, _ ' ,,Hanu._!Inflator for the, Project 6emr_n'iEl"oodPressure Heasur[ng"S9';=_
_._ :, ': , 5J_03. ' Al:t;hough the pi;essure produced by this bulb ls saLtsfactory,
.;,:.' ., " t!te vacuum,¢apa" lilly was Ina_lequate, Only two bulbs, O"and F, pro=...
•_. ',. dace¢_ the requlred'60 Inches of water vacuum. Bulb F _s fOund, to, '-'
" "_ ,, "' , _ta,_mode'tof.a"to_lc._at_arlal, polyvinyl chloride." Therefore bulb D,.
i.,, ,, ,, • ,_ ') .... :- _. ,. . ,,' , ,.,_,- -, ,_ ,. -_' , , ,, - .... -
,, ;, :i_d_ by D_v,ol Rubber Company.as number !.70_, wa¢. t_e only bu|b capable
,_.'. '-,, " '/an_,su[tabl!e-' for pPoducing the required 'v'_uum,,and" pressure., ,,It should .
I ¢ _ "
" ,_.' ,,- ' " _' ,, be noted ,,h_it-_ these' values of vacuu_ are. maxlm.um vat q_e_a_, the measure-'".:,
._ "_...." :'- "//me ts et'e tnade"wlth a _ .'it; , ' S - -n w m no_-t_r of _ow load volO_e and the bulb
_. ,. ' .... / ,-,,-," , I_,,, , _. ,' " ,' , - ,." "
_:':_-_" , .....,,," i_/ were e_h_j_ed, to their cfull,est-e._t_rt;-_- _-- _,-_--'--...._-,:_---_'-'---'_:___',
.... 2.2. Opo_,costa Ing_ the Geml_[...Env..ronmertt_l Control Syst_, Grou , the .....
-, . _ _. _ , ,._ ._,? ,, . . , .. ,, . ._,_ _
,-_ "o,. " _-'.... _al_c/r tan'k_.as found., to-havea IB_tb\_apacity.' The equlvalent..volume ',
•_:::..._ :' _ ".. ,; " .of,._ c_ In. "_,s",used, as a i'oad: vol,ume'f5r used'in te'st_i;g th_e..selected.,
_" - _ . " LI ... bqt_':,D t_) i_etemlne, the number-of squeeze_ of.the bulb for satl_fa_:tory "
t-,o_ J .... ..,. I;',,:'-' o' _............ - . ,,_
. u ,'_" :' _ _,, _ " , .... '; ' ' ...... " ., ' - o ,,-
• _,, -, ,,"",-' , '_' , ' _ " ",'" ,, ' -S ' _" ' ,,, I; . ": , " ...... "_;:"--- ';....
"L'. -/ " " - -. _ ' ,:>_.:_'_ . ,. " " _ ..-, ".', , o ' , ' ,..... ', ' ;
,- - _.,_._,,,.,,,.._', ._,:_-'---._,_.- . . , - .. ,_--,:..... ,,. ,.






_' , , ,,_ "-...
_. operation at sea level. Note tha,¢ the total volume of the water tank _'' i,i -
_ was used as a load. 'The n_ber of squeezes was found to be from 14 to "
16 to prod.ce3S it. De_t_r vacoo,,,andl'Oto 1,_'1to produc_ 6"in. of
.. _a_:e r pressure.
'_ 2. 3 'Two air control valve- designs were evaldated for u_e on t'he pr'essure '_'
t. outlet of the 'D_al Pur?ose Manual Inflator i_ check valve des,igns",,i-_
' were also eva|uaced for' the vacuum inlet to. the 'unt't. _., "
'i. 2.3.i _= two_r _on_rolv"i_e d_slgns'.for lb. presso_o,_tle=-'contatne_d;'
_, : air flow 'check features that utilized a ball and rubber sea,t In one=.
design (hereafter called Design A) and a flexlble rubber diaphragm
_'i " and-flxed seat tn the ,Sec°nd design (Nereafter calle_ Design B). Design :.
; B contained .,_n, 'Jndesirable feature..The valve was tb_ted _o'r 300 ,
.,_ , millimeters of mercury pressure dlfferen'tial across 'the chock valve.
' /_fterthe pressure'dtf,ferenti'al was removec a cracking pressure in ', '
,,, excess of 120 ,_tll!meter, s of me'rcUr_/ t_as required to unseat ,the fleXi-
\, hie diaphragm.- Design',A ale"control valve, _h.lch'ls".'belng used on" " .,.
_' .." the'Hah_s¢l Infiator'_3818(>-l=l,.was tested,and found to funct-tpn ':,
"",,\, ' sat is f$ctori i v..for, the required ;)iaxl._um pressure_ conditions . . , :_--. ., ,, '. '
_3.2 ' A ball ahd metal seat cheek valv_ (hereafter calle_l Design C) and ...."
' \ the check,valve feature of Design _ were_'evaluated for use on the "=\
J +. \ _,
\
.' vacuum"Inlet of the ,Dual purpose Hanua! lnfl'ator. Vqeri the squeeze
; .bulb was attached, to I)eslg'n,_ air control valve., the'ti_e du rat,'| on, wes -- ' .
" t o_ _ong.for the bulb to return to,,a fully,.,, |nflat_ed condl.t!on, after' ,,:" •"' i'!_
ii " '_ having been squeezed and r_leased. Tl_e valve was modlfled ¢o reduce .... " "_/,the time for r:elnflatlon of 'the,s_ueez¢ hulb_ however this caused the .... '\
_:i_' " ' , ....."°" flexlbleo' "_/arubber"/, diaphragm, tb.....become.,t_dged 'on,,,the fixed seat _when_O |.n._ o ,, '..... ,,.,'1.'i_\', .... " of Water cuum dif.ferentlal was_appl led across the valve2 Design C,.,,
1_ ' : ' .was teste_l" and functioned _satisfactorily under the required vacuum 0 .....
.,,,.._., ..,,,' . , ... . .. . -_ ,,. .. ,, . ,. _.I
': 2.3.3 S!_:e-'_,.e ball'of the valve in Design A was not 'sp_lng I_aded:against , ; "'(
- , ,, the va|]_e seat th,LS colJld possibly al.l'Ow s_ leakage. Several"wlvesU
were _ted ,,f.er leakage-_a_C-*-_wn ,,i'n [igure _1. DAfter the pres_d_m ..,,
• .,, ,._,.. ,., _..... _ .,." .,'- :, ,, ,...
.... i _' ' ' " "'_" " ': '-. _- e __' " " "
.//. . .... _ , ,.. .. "u .., . -. - , ,,',-, ,
"| ' , , • ,'1 • .... _ __----.P .... _' • _/ ..... "' ,. ,"
1965020181-137
.." ,', reached 300 ,nillimet_rs of ;nercury the va|ve V,i>was closed off. _}',ls
,r. allowed t-he alr t_ l:.leeddown throq_h,the f,Fxed l;leed or lflce onl_,, as
ate:ached' to point A and the same te3t a_tove was repeated. After the
_- _, pressure' had been @ppl ied"thls al'lowed the ,inlet.side of the check
' (' v,
Io, ._ " "val've to be ven'ted to room ambient pressure. , The bleed down tlme
• • -_)s ,
°-- _ from_.. ':_230mi IIimeL_ers el, 11ercu'ry to 70 mi I|imeters of mercury, was
_/ '< ,measured. orl the reco/_der For the two cas_s ,tate, d 'abov,e. The ,bleed'
,., -, . times in both"Icases we're almost Identical which indicated "that the
/ ,,leakage through the ball and seat check 'feat'ureof,the a_r controi
valve l'S'.:negliglble. " ' ',,
3.. . PRELI'HINAR'K.'DUAL'" PURPOSE MANUAL INFLATORS ' '
:-:., ' 3;1 ' S';x Prellmlnar'y ,Dual J_urpose Hanua| Inflat_rs were fa,hrtcated as shown
\
' '"' _ . ,_ -_ in F|,gure il. These units were suppl_ed In compliance with Pare'graph
, t\ 2.3(a)of Cha,geNotl,ceNo:i." ,, . j
' ' ' Imulated'c)perat|ng ,{'-, 3. The assembled preliminary units were tested under s
..... " condl,tions to deter_line thevacuum and pressure,,_roduc.ed'.- '
.ti' '
3.;_.! Th_ ,test' _etup f0r,the vacuum test 'Is 'shown In Figure' Ilii(}). The ,)t
• ,, test,'results are shown in Table II ...... • ,
' he tes_"_etup for the-pre_sur'e test IS shown "in Figure II1(I)). The
_,:.
'' ,, t_est "results are' shc_ iTt Ta'_le II. ,.
," 3._t " At_\ter comptet,t_,g_. the_above pressOr, e and vacuum testing thesix Pre-
. .\,.. . _,_ ._-
Il_,,i.nary'Oual..Purpose Hanual Inflators_ P/N 53818_2°I were Shipped _.o
,,. "  AS.ou.ton., .' °
.,,,, _ -. " , , I . -
,, " ..I:."
"" ii."" "D VE NT PROGII_ EVALL_TION ', 2 '// ""
> , ,,il.I
:'_. . ..,I n,.a tempt tO est_ibllsh a. reallstlc test _'i'uation
'/_'.'" :' "the final designof the Dual Purpose'Manu_-'.|!nfia_or, a"coordlnatlon
...., ° ...... NASA;, '_'IResear ,' '.'_"°°°".,;L,:, ,' _ee_ng _,as held. 'Represented were Ch grpJect Gemini. i, / ',:, .. . "{
', _; , ,, , ' ,,\ ,", ,, ' ,, ,J
•_ .,_" ', _ I_nv;_ronmeh'.ta_. Control System Group; and Alges._ardi, P__ct ,G_nln[,
_'" ' _._'" '"" .. _,-elOod Pr,'e/_S_re M'easuring"Syst_n Group. The, eesul t_.an_"conclus[on ,,_f
_: ' _ " C_ ;i' '' _ " < "_ '
,_ - ., . _ ,, ' . <-, /
,,,,._,,__, ' ....... ,,
'.'_'_:"". " ,,,'_ _ o -_' " .," "''
,' ,_.. . ,, o Page 3
• , ' ",' i/ I.I ,. , t , , ii
"_ i. ,,,.._'..._ .__...,,cc . _-.--,.,.........._ ..._-_:-'-:"-'_.,, -,...... ..--,;;........ _._ _ . .,_.:.,,,.-i,,-_.,_.___..-,;-_. -_
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_; the mee'ting were reported in "$pec_ficat_Xjon'Revlew 61oDd, Press'ure
L\
Me_surln_ sy_'tem2_03, eroje_,t r,_fl_" h'_eses_c,_. Report"FC-A_6S-M_
dated November 20. _63. A copy of,_ ".. , , , , !_:h'i"_ report is includ_d as-Appendix
A for reference purposes. ", '
' ,,, ,,. -, ..... Ir
4.'2 The test program for ev_I'L_atlon of tne,f.lnal design is as spec!l:\_ed In ,,.., ,', .=
" '_ _ Parag'raph 2.3(d) of C_C-h/165-_IR'I Pressur;e and vacuum tcstIog were per° ...... ''
•_ formed a't both sea level and at a s'imulated altitude of'27,OO0 _,_. /;
, )i
4._..1 With the teit setup as in Figure ! of FC-4/,_65-HR,l)testlng, at se&>/_i_vel "
.. oi:'%,acuum capabllltv, Para_'raph 2'3(d).1'., and,pressure capabl|x_ty, ,,
I _ ' /I ,
., Paragraph 2.3'(d).2 Was perfo'rmed' wlth'a, Dual Purpose M_ual Inflator. ,, ,,, "
' '/ ", , , , L
• The :_nlt was tested In, three different att,,Itudes to take in'to"account
• any effects oF the check valves; Ftgu,r:e, iv snows the three attitudes ,, ,.,
i_ for vacuum, testing arid Figure V shows the three attitude_ for p;ressure .I, " testlnq. The ,es,"x_ata ,for.the vacuum an(Jllp ; " '
. . , ressure t'_sts at.-_-'_e_l|eve.!
.['l are _hbwn in Table_ Iil and I_/ respectively. " ,;,., ,
.2.2 The test o,f Para_raph 4.2.1 above was repeated except the _utr0bndtt_g l,
pressure was equivateni: t.o. an"al ti'_ud,e of 27,000 ft. ,Photographs.' ",_,.,_' ':_\
'" 49427-1 and 4_1427_2 sh0_v the t es,t,set up l'h the _Itltude chamber. T.he' ,-,
.'' L'_ test data for'.'vacuum and, pressure test lhg at 27,000 ft. are presented
In Tables V _nd VI respectively. • ,_
5 SUMMARYANDCOI_CLUSIONS' . ' ' '""=
i tude as the' most representative, 1of actuai ' -',_ "
" e fr_ t Ie |ll th,_t' ,,
o ; a vacuum at
. environment. From Tal_l.e,'lV the'data _eveals that 4 squeezes-'
..... of the .bulb wi:ll pro_luce _6 In. of water pressur:e"at sea level._ In,a, ., ._
_ ',27,000 _t environment', Table V reveal, s that 20 to 21 squee_ are re-',, ,, "
,i ,,,qulted to' produce, 36 in. of water va'cuum. ,,_._ble,VI reveals that 12 to.: ,,
I! ,.:, 13 squeezes"will produce, 36 In.. of water pressure at _7,000 ftl In
' '. geKleral, the, Pre! !mrnary Dual" Pu,r.9OS_l,.Hanua_' Inf.lator ,funct ioned yery
"t satlsf.aE_orlly wheh tested under,'simulated operational conditions '_ln \-,
, , (,_._, /,
"" ' " " "" ' ' '"' " '" " .,.",,- ' FC-"4472. " ." ' -
..... _,, ..i ' ,., ,f , Page4 " ' " 'I'
, , ',." ".'-,,_,, .." :! ,,. ,,
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• . ,. . ,
'cl_'a_'jn'.qwa'cer ,_ the Fa.._e'rStorage Reservoir and pu_plng water ur
l
/_" ' _ ln_O _ I:he drink_t'ng cup. Upon approval of th!s report by _ASA'_.nd based
oo t#le results herein_ control p_ocedu_'_s for. t'he f;nal _el,_cted devlceS
;_" rn'_nufa_:turTng__shall be prepared, These pro_aedures "shall ;nc=u,ue draw=
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TAEL.E ! I ! '
- SP;,_kE;'Ek VACUity.TCST DATA
t ;I '
: _u,_ !' _er:-:c_t i/er_ica; ] Horlz i of _ IJacuu_
i- Ii ', X _ , / _5 36
-, z i x .. " : I _5 3_
5.. -3 "X _ = -,, .. 6
l
_" ] i "
c _ '), ! _ ....
:?" . _ 7 ,*- " -'I: X . _'5 "4 _'13_
:_:_ :_:_l_e_er"t:OF._§ureI_. , : ),_-",. ,.... ,,,:-.,
"_,- ._, n _,II rens. 36 |n_.of water _as obta,ned b_r_e_:_ _:he _th and ., s[qu_ez_2
-_-_.,';-''" :- _' , _ _ _ '-, C
,- "--- , _'- . _' _ "'-" " -( _-_,_- o "-' : '_ _ ..... ,' -'
_- . , ,_ ._ ' : . ._ " _ '-'- - , :. c, '_ ' ._i
_ L,
,, \ _ , , .- "- '-.T- ,., ._-."-, c,H_ ,
: 4
'<, _ _' - - - _ -', _" - : . "_ _ .,_, " - , 'L:] -" - .j--" --J- . , " . - ' _' "
- _, . .. _ ,._ _-o' _< ,_. ,._. .. ,- -:_- . '-. .- -..¢ :. - .._'._?. . . ,, __. - ._;_rp._j_, _. .. .
..... -_., - ...... - - - -:-_-- _ ..... " -_......... _ .... P_l_e_ .....
.._v-_ :_ -. ..,_.-_.:...-,,-,_- _-.._i_.,,,.,-o-- __ ,_,_=__,_,_ ;..... - ........_ %.....-_.,a_._-. :_, :
_ " "- - _ _ ",.(_. " ._': -;._ v ".t_'- _ _ ' _-_ ,-,c_._'- ,, "L.,_ "_ ,-'- ,,_'_"_" -'-._"" _-" _-c_._:_- - ;"_ _ _ - .., . -.... " ,._ "- -- " , ";/




-) .- ,, "SEA L£'-:EL PF.ESSURE TEST DATA
•_i_ "'; " | '"'I.¢_,_Act.:_ude Number _l_ter
:.',__-er_'-)- t_ :, "i . _c- 3._. " Sque(:,zes , (In. uf _ioter),, (cu c_)
: ; x ! 4 is 33
o< 2 J x t i ._6
___ t) I-. _ I:,x t) " I ' 3_ ,. 27
L,, • 5 "I x _ i ,, _ _, _ " 36 ,-J,"-5],,
. \ -'_''" " I" ' _ '' 'k'." , .... #, . ' " '-'' - -'-,-----77------ '.,,
• J " ., I" .... : .... : i ..... - - , .
" : '" _ ' l ...... : _ _L . ,, ." "1 ' " , , ,, ! . "
'._ " ,I_o i :i i:'. ,,,x.. _ ,, " ! _", o " ..I.. " "_s " I _,;3o'_.. >.,-
"" ! _: - - I ". I _" I - " • ..'I_ - -
o_ , . .vi)_, I . . X -I ' x , - , ) t) ' l t)O ',,J' 7(> ' , ' .
_T .... .-'I " ! ,, ,'_ , , '-' ./ • . ' , ), , . _ "_ .
i,,5_8,I -_-
,, . ,o It. ,,' i_ _I , ':-' I; " .if'- . . " r.. ,- - ,_, ,.- o ! ,_ ; - - )-_.,
' _ ,.. o - :'_l_.. ,_'- - .. _ _ " -.... Ii ..... . . -, ' _. , , _ c ,
.:.-_,__ _ _ :'v _ - _ _" " ._ " , - ' '- u, "'. - C_> . ,- '-'-- " . - ' _ ,, " ° _ " _'
-'_ '_ - !-(_ . _-,-C ,>'., " .,-'_\" " .," ' .. "_"':. -" "%\., ._," • - _'o. . ".... o ..- ,. ,'" "_- . .° . ..'-'_ - ° -'" '
_I._ .,,: ,->9 _' ,'., ;_.-'-,. - '..- "- -','-'.'1"' _'" -,,_"-'- - ,' > " .......




Ver_.:ca..'-! _'e.'tlcai 1 _or;z. | of , I Vacuum _ Into Tank
l_.u_r I : .,i'_: 2h_ 3* ! SqJ'eezeS ; ('in. of I_ater),_ (CU C-._)
l i t '
I
,,i , ,.
-% 1 " t 'z i x • i lSo 7 ;" ' --
! ! 17 ', 37.5,- ";rl , , ,
- g:: _ x 21 , 38.0 ,°
: 5 _ X " • : 22 " 37.7
, , ,4
- , _. : ; :,38.0
9_
.... ., :, ,, ' X :
8 - -_-?" ' "_ _ -_ ' '
._ ,_. : , X . _-- 20 - 17.7 -
_' ' i _, " ,: _ -.
"-" 9 _' _.. . ". x _,I z_ -_8.0 i -
:-'."_, , _, .. - _, _, :_ _ , -
.-,._, .-, ,...... .._' ..._'_"._ ,_
,_. i_ " - ,.... ,-o .... !8 ,: 0 -
|
'_ _ " "t2 :; - _._.___-_,x,_ | -23' -_ _o.?'; i. ,_.,' .3
- - : ,,:, .... - :'. _ .
_--°" "' '_ L '---t3 '_ - X ::28 43.5 233.9
...... _., _,_ - , ,, ,- :
'. " \_" *._Ref_r °tO • , ' - ._ _ _ ':' ....
_, . '_ _: .'," o- _ .. : - ,/ ,_ .... ,f, -,, o,>
,_. ., .,;,: .... ,." _ . -_.:. ,._, /I' __--:..., ,. .. . -, :. . _ -_
_.'-_- ,-- " "-NOte: " . "- -'- '- " '_ " - - '......
_:',.=!-- \, I_ - " 1 '" .-_"ere was, oo'-'not_¢able change _ln the 'effort' Pe_ui red to-oU_p the s_u_¢eze . ':
:.. _ ,O. ' ;////buLb:,_t, 2_,000 ft.,:icompared'°to Sea le_.el.e_,ort. ..... .:. ,:; .. _ - _ ,: .
'_"_ , :._- -_. " - "- . " _ . _ :- ,;, ,, " "_ ' ,. ", . - . _ - _ . ,<- ,' _ . _ _" , "L"-_-_-._ - ,,
_,-_-__ _._,- _" _I' " '_ _" • ' _' ' ' " ' -" _ " cJ''_ ' * " - _'
:-:, -,. _,., _,- '-• _.'._:-- , .,. :' ..- ,..,,, ,,;_'., ,:' , _ ._, ,_ . ,, _ • - ,, _ ,'-, , _, - , -'-_-.
, -_ _- . _. • , . _ - " _, ,, T_ . - _ "_. _ _:z'," ,_, • , , -. ___ _: - .... . _ . ,,
_'7'_. "_ -", _..... - • ,' ,r '-_- l)_." "_' "' " ,*- . " " _- <_ .... _ . _ " -
, _ .... • ,, ' .... "-'_.... -,_ - /l,, " '" ".... - " -_ " -- ," _" _" . - _ "_
;,,,:_L _- - "-.fb" .,,' . " , '_:_,.';h' '. .... ,. .- /: _ o'" ', " _:, " ".,. _" -'- - " - " _ 0 " " -.
" " -:,_'-_' " - F._,,._75"__i ..
_'_::_,',-_._,,:j- ,_ ._-....... _ _ - :_.,-;{ :: -,-,,_ -_,. ,. _,_," . ,. ,,. ,. :, _ - .,, -, ,
_,_;_/,-. ' ' d _,°_7 ,_*' °- -° .._'_ _.":%--,__: _ ' _-..... ::'"- . -" '_ o --_:.2''-"_"q -" .:.l_'-age_9,;_'__- ."
_':;,<_.:-_ -- " c---,_:"--' _, "'_" - " "-.: "_ --" ' ' "'J_ _'" - ,: _ - .... - _, .- ;.;,--.,-_-':,-.,,,\..... , ..... . ......-- -..:,. .,.-<-:_..... ,,.. ... ,, ., . ,.... _ -..,.._._ ,
°'t_"X_-:'- "_ _' _'-0" " " ' _=/' ;- " "_.- _ . , - _- _ " ' "',, - 4 _. " '-_.t" ._ 0 ,_' -_
, o": ",,: :_ " : _' _° , ":_.._'," ,' -:,L,V. ,. :- ,:,,"_":'g_' '., " .,.. ". -' !-', ,',.' ' --_ ,_.,--_ ._ -' "" . '. ....... _-="_ -_" " "
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• ),,,
i _ , 'I ,
I
" .t -__
i _ '_ _( _
_ _ ..:,,,,' ,
PPESSt/R:;_ TEST DATA AT 2;,1_'_0'_°:
T I ,?..t_.., ,'" -T
UnX-l:At:itude I _u_'_'cr' _ Pre$:;,_'_,_.;, _/ate
l-.' Cup ' "
'_ert _,c:,._,-.or_z., ;' L__%-.,"J.=.'__''',_ I
,_un ._ , "J 2* I '_ ' _ Squeezes I (a'_",'.' _,) (cu c_) Cor_.anen_s
I_U'_-_er :|* ! l '
i iI-!2 1! X 7 -
I , j. "" '!
, I_ i
i x I ',_ 3 i _ " ' " -
, ._, I '].d -;', • __ ,,
, ':' _) , , !)6 _8_, o , ,,
" :_ , X i - , ,,,, _',, ,-; ' _.____
i _ : -"" ! '
X 4 'X-
7 I: _" T', II , '_,--,_,_',_'. ,. , ,, '
.. _ . . '
I0 ' " ) X :'1 ,, ] )I ,, ) - .
_ " - ] ° ' ) "'..... ' -' ,/' ..... -I , :'_:','
"_ - ii I X - ] "12 ; :...... _"-_--I' O I g" I >
I ,, .) ,_ , . ,, i "3
i _I-_, " ', J X " % l ! T')' ,,'_" - - }_ _/ater V, I "WAS '-
I _ ; )'' .::i at the top, of the '_
-': ' 'I.o' . i ' - ,:, tube to-' th'_ drink- ...
..... ,- _ , Ing,cup befo,re v-:".,
I A )
• _....i %L "" -" '- ,quoe ;.'-" S
'--'"-_, t. _- I " "" ° ' ...." i ,"= r,v. ' . " "'-"
,I_+">'' % °X'- _, .1 : --- 'Z'_'-'q " Same'_,as-step I'3. - :: ..... ' ":' -I .. - "-' .... J ': - ..... ' " ' ,
l ,_,_ '_. ,., , ,. "d-)'_.;_ .... . .... _: ....
. IS '_, I X'. , ' " ' " "-' '" I_,':.,<>" " ! ' '_Q_- ,,i'_later !,eveL, WaS i o'%-
,l-'' --w-.-,., i-...-"- ..... ,, ,_ ,-, ,,"_,, at top of-.. lhe"" ) -,':,':" .,.) ,,,:, ,:. .,' ....:-, "':.'!o_.... ." tube to the"d_'lnko ,,
° I: l'_-" ,_ ¢ . - c, ,, ' ":',, .-
">,, "":, - " o -, _- .. _' I ng Cup before ".,) o
-" _'- o ,.(' [: ...... '- :" - ,' startlng' _(lu_e-ze_,_" : ,::
•>"....,t" "" ""'-'- i, -,' i,, '"' .... : -- -,....... _- I :" . - '. i' '"..... :' " ."_- o, ,. _. _._ -
/ v _b: ,,_ , ._.SJ_,. ... _ - :_.._.
-16. "_' X<_:, .,-,,. ' ._, ,,, S i_,/ <_._ ", _",. 260.. o Same as, s_ep I
- 17 .....- ,;,,,.... _-- X ..5"' _' _._".i __205 Same a'__ep 15" I _'[
--,). L-,_-_ FI 'ure V. ,, !',' ,' ,, ...... _, " "-' : '-,.....:_-. _.
..l . ,, ' . , .,_ _ _ ,_ _ ,;', u ,. ' ,_ _ _ ,.. • ' _ _ ,,, , . . . .
.," ...... ' ., ,, .'+_ •., ,'.- . _ _ : _, %',. _Ft_li_2 _, " ,.,:" - _,
'I( . --"(a) IPros_urea+ _t_'t of water-.flow,Lnto-dr,_n'xln(j:_p. :',_,+',>-., .., ,_ ,, , " '
:'!"_' ":,-,(9}_"P_ssur_ af..Yerwater s,tbooed-,__CJowlr:gj,._te"dr:ir_kI_,_up.,: : e-ag,e _ , -: _,,:.:., ..:
• _... -_', ._ _- - . _, , ,r ,; "- _ _ ,, ' - _ ---_ ._i. .,.4"<. , " ,..,,W"..'_- _'_):' 0 ..... -_ ;' ' _ _,', - -,'",?.%_
,._. . , _ , _. , " _. , " . '" " _ . _ ,; ' " f.'_' i_ '- ' ,_ _, " " .u _-,, . ,. ' .-- • ,:, . _ ' ,,"
' ._. _ ,:'_._ . ._ , _- _" . -,: -. _ .- _ ,._ .. ._(::I. _ , , " -_ _."':'.- "_ _: ":, °).'_;.,-"7,:_. ', /._
,) , _,_'_ _. , _.:, - .. . • _ , , - ._ _ ? _ . ,-. _'._- _ _ . .:- ,_, . . _, ',.. o .';'
.'_'_". :.".._-:.'c,,-"<..<o . "-,,.:,"- ",.:.." ." , '::<'- -" _ __,..:._ --._,._-.L ._"-_t.-'_:,:-" ::". ...... : ..... ,.!:;-.:':, "-t/'-'
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'; /'-'-'SHUTO_, / ,-_,,,,X ' , -\
F_
"/:' i i0_ cu in, ; . ,
.. ./,__ \ .... --/'" !' SHOAT' ' / "
'// "ld,. TUBE ,,, ./ / 11 . ,
// F O l
-..',_:, i ,, -_. SQ..UEEZE .,
* t"." /i !_ '_'1 "- ,__ "..... "_
}
- ,_'- _ _: '_ "_ 0 _-_ ,- "
:'-,, .-" ,, ', :_,, '/'-' ,._ ,..=-___ . ,,' _ _..
_" i; _-" ". .... '_.........
_,"_.; - I ' _ • " -- " ; _ ' , _ ;,' ,, .. ,,
, "';,_,-..,':'_.... " . '- "_ .-_-"'" i',-. ,, " "" , ' . ,' ,_, ,/';' _\, _,, . " -. " , - .... .'Figure I,, ,AI r Control Valve ,' ' ' * " ',,
,,,,_ .... \ .... - .... Leakage Test
l..'_. _ , _. -', . - .. . , ,._ ......... _ _ ;
"_ o.. ---_. \\ , , . ¢'- ,_ - ,_ ,, _ ,, ,_ ,. _
_,--:.ll,Vff" ."- " _ ----_" , - " ...... - _ . _ ,_ ,., , -
"31i..... ,, . . ' ,, , ,..... q-, " ' - - ,, ,, .'" .... _....
_'_*.ir_,¢-_ '. \:!'- - " .. ., " _ ,4' ,. "_' " ' -"., " o -' " _, , _'
"._.J_ _ ,_ - _ _% _-..." ,. . ,. • _j , ,,_- ,. :
.... - "_, _ ,,_., - II • -__. - .... __ , - ' . _, . - ,
'_ "_,_%_-_ _ _,_- - -, _,:,.,c-, '..... ':- ,, ,. _ . _, "--,., - , - r_-, ,_-_#,__$:_-%.._._._--,:.-... , ,.,,,,-, - - .. ' - , ,,,.,._ . ,,_.... ,. .. .I. - ' o _ge-01",-,
_t -_,:,_ ...... -_';,.,?"' ,-:i:,_;_'_ .. ,: , _,..... .,,. I_ ". .._. . ._ ., , .. . ,,'.... _ '' - .,,,
""-:'_,I ,'_ :' " _' " .-, " '" '_°" ,, " _ • ," _ "'*' "" "., . . e .... u, " ;,
_ _ _ .... ,, _ _ - . _ . , . _, .. , _, _ .
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4t _
°, " | 4.1o , . I _ _J I-+ 2.55" -I
J J
,air FLOtJ.
i .. , ,j
J _ h
'7 _ -'
-.,.... 51_'b75-7:'., ,' Bleed Orifice ,, ,, /'
6 -5 ' 3116" l,O.x 1/_1" t_all Thick x 2,60 Ig, Rubber Hose :, "' "' .
,I' 5 ,. 198/3 Valve,, Ai r,_ContrOl '° .... "
"4 _ ,:- '; : Rubb.er Bulb• (D_vol No. 170/,')", ,,, :- '
5_ -; Check Valve "\, "o
'J2 -5 '_' " l hick X__,,.50, i RubEer
': ' -5/16 - .Q, x, I/a:"Wall 'T go"
,': -. ,I ' ._ANT75-4D HOSe,_,,,Fllt,_(.l9_.... -' Clear AI_, Anodized " ' , Hose.,., .... ,,,,,:!t_m' ',eart, NiS. , ' ,,., o,,
' -* 0
" " "_;;,i"" ' 'gc_'r 2. Prel ary D_ai Purpo_, ..... ._,', -:.... " " "'
_,_ ..... o:',-,, Hanua1 lnf, lator_
..'1t'- , , ," "- ,,, '-" ".
•__ " ,,,,...... 17___" , o . '_' , . - . ,, .,"
P_4
PJ
!' '- ,, '------ - .._' •.'_ '" _' '- ' _' _' ,...... ' " " " . "I+J ' :' - ,, ' "+..... _,." _- :;- " ' - ' _ , )J' - :: - ", '" " " "o ,_ '.... ,
14,- "" - , ,: '/I ' , -,':,;.... , " '' ",- , _ ' _, _ ..... ' _ '_ " ,|_._
_ - ,:- ,, ,_ ,_ _/_/_, ",'+ - u , , '"_ , ' ' _,'
;h _" _ t .', " " "]./,'_'_,'_ _/1_ \',' ,.,,,.., , • o 1_' ,
,! "-, ,. ---:.,-: _',,,,/-\\1_, , .... ,........ " , '. _ ' ' ,-Ii.... "::, ," .,









• A_.OS_ TH r"_ItggRY
L...r - , ,




1_ / ['-] _
e _, I ,. ,' ',/"I , ..._.:.
. , - ,, - ,_7
" " :'i -,
_ o ' ' ' " " $,
I ' " ' ' ' -' '
,, o. :" : L ',-;
..... , . ...--,°.-- c n.
;,.... ,,. -, .... ': , '-.. ',,, , (_) Pressure Test,, ,, ,- ' "' . ,.-
,, , "v " ,. , " " "" ' '" . ...... " ,/-'/_.5.<. ,"
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't'+' " _roetOrP.oferenee He__er.'NOFGB=0728o070@," ds'ted G'¢tober t_ 1963 af=e _.-
f" 'tolned here | a;::" ' "
" " -, _n a..¢o_rdln_t|on raee_;l_9 between the AIAesea¢ch Bl_d Pre0_u't_'e+_ooouv|_
\':;.-:,'_ Systco' BeO_p a_ the gmv|r0._._e_ta! ,Central. gY_t_g Beoup fo_ ProJe¢_ g_l._t_
_"_'+ -' ghe ¢_l)ot;Iblllty Of theDual Fur_se _oaua! Infl_tor 3_1_1(_o_01 with _
;' , (_wlro_en¢ol _._rol gygt__ diBcu_ed. PresenZ.Bt _'he _eo¢lng o_ I_V_,,
_ 1_6r 13, 19_ were' {_obe_ Frost of _b_;, DIcE _etson a_d _l_e _lileBa Of
_'}{_ ,, PveJecI: =c_inl I_viror_ent_I,Nn_ro,! System,; Syd Vo_t_._ Jl_ Gouttt oN"Jopry
: ;', "Philllpd _f the Pro]ec_ g_ini, BI_d PreB@ur_ Hea_)urin9 _y=tca., ,_o e, re,_u'lt
'..C' , ' ' ' ' , /
:' ;+ '-' Of tNe dl0cus01_? pvopose_ ¢_patlble Ce=t progr_ for the Dual Furp_'_o ' + '
=,-". , ,, _nu_! InflotOr,weg_Ormuloted and Is refi'ecZed !n _:he .,%li._.-_.;tB o_¢lflcotloB
_s. - : ,_,, 1_t_e__ ,foi t6wl. 9 refer }o' paragra,l_ _uc_er_ i_g _A Ct_.0o ¢'_1¢o
i'" / ' l_tt_)O_ l, 4ted,:_C,t=b_or 15,_.1_9_3'.. " !
, }. ', , ,
_, .:+';:_. ,,_._(a) ,,, It Is' rec_u_ste_tthot the I_.r'egral_h,be .chart(led to read oB foll_:
i " ' "la addition to _he _ual Inflator _uppll_d with each p_'ototype
.-':., , . Pre.'ure. asurln9Svmt, r,,he=n:raeor=II "Pm!y= '
" = . "' / , , quofltlt'y of 0Ix. q_)- each Dual Puv_se, ._nual Inflators _4_l_h OrB ,
"_ " _bl_ of p¢o_ 9 36 In he_' of water vacu_ or prg0Buee. _he0e
"'""" tar_Ic=t}well at ,In_._,te the blood progsure ¢._ff."", ' , u,
":,> -'/ . , _ -. -_ . ,..
.,_,_:'-.] .. _\ ,+ ,,:;;,n ,v /_,,
. [.. ,_., _' ., , , . ,
_' ._ . , I\ "
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,>.,-:....... ,.,,,_y ,. , ,_ ,,,
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L f/_ ', ,, ,,'
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_," bO _o_:!gCOd wlth ,"lho, co_troctor _holl _urth_r ovO]U_to vorlOuo :
_:'" tyf_ou ef _queezo t_IbS o_ _holl per#ore tO'_'t_,whi,ch _,h_4lI_¢l'ude :.
i' ' " the rc_,utrer_o_: o? det_r_l_Ing tho fw_or o_ sq_oO1co_;:aeceg_ory t;_
_ r_, ¢_ _po¢lf/Iodprostateor _ocu_-_ot I_th oea fowl'a_J at a "
_:'-,-----/" "_Ir:_|ot_daltltudo o_.27_01_ ft _lle @ona._ctod_e o lO_d t_ak Oq
[. ,_ I_ _b[,¢ Ineh,o_. w_|',ch_l_utoteo L_teair v_tu_ Of Cho_tef ,
l 4,// toa_ o.1:t;h_ _r_t oxpect_d cond,i_.lon (16 tb _Inu. iO lb _r _:_ulv_
i '• , ., iiI, _ Ion_ ml_ae Of _ Ib,,_.fl'_._tor)," ' ..' ' "_._}(_) ¥0 ln_uco _u_l _ndol;ot_ndt_g of _he te_tp_o_Jr_, It .Is ou_Ooo_,,_d ,,
......... : %& te_t s_t up fbr ¢h_kln_ op_rotl'o_l .Porfe_o_¢o of. tho.O_l
PorF3_e"r4on_l Xnflotor 0_11 be Oi S_m In F.I_(o !. :; ' '"
' ' Rofore'l_ 0 to,,_.lg_re l_ _.he wcu_/_nd o_ the _el P_t_se _nua,l '"
:' _nd wlw V2 _ha]l be o_o.od: Th_ s_u_e_e bulb ohall be _pod u_._ll, '....
,', , {;io_or,r!,g' _o Pt_uro I _ho p_es_ure end _f _ho l)_t. p.¢_e , '
•-_.uol X_flo:tov _hotl be ¢On_,tod ,¢o I_in¢ A_ 'volvo Vt 01_oll oe
_lJ.i.,' .-:<;._o_a, ,,V_|vo.litskgl!. !)O.¢lOlled,,.Thor__ ohall 5o.ell. .; . ';.'.
_,i',' "' I Ib"of ,,,'_;or 'l_ tho 81_u'iotod,_or To.k o_ tho _r_ _'_'tL_,,_o_.t_, .,
th_. drl,_lr,_. _up, T.h_ n_b_ri_f _qu_o_s required O:_dtbo praooure
.I . .oc.r<io,r;71' , . . " '' ,.
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